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REMARKS 

Claims 3. 11. 12. 13, 14. 17, 18. 19. 20. 22, 28, 29, 30, 31, 32, 33, 34, 35, 
36. 44. 47, 48, and 49 have been cancelled. Claims 9 and 40-43 have been 
amended. New claims 50-57 have been added. Claims 1, 2, 4-10, 15-16, 21, 23- 
27, 37-43. and 50-57 are now pending in the application. No new matter has 
been added by amendment Reexamination and reconsideration of the claims as 
amended are respectfully requested. 

Claim Rejections - 35 USC § 112, second paragraph 

7. The Examiner rejects claims 3 and 22 under 35 U.S-C. § 112, 
second paragraph, as being indefinite for failing to particularly point out and 
distinctly claim the subject matter which the applicant regards as the invention. 
Claims 3 and 22 have been cancelled. The Examiner states that the dependent 
claims cited in this rejection fail to further limit the claims from which they 
depend. The Examiner suggests that the claims be placed in a product -by- 
process fomnat. The Examiner also suggests that the claims should be drafted in 
terms of methods of making a plant by comprising transfomning the exemplified 
plant of claim 2 or 21 . New claims 54-57 reflect that suggestion. 

8. The Examiner rejects claims 18-20 and 47-49 under 35 U.S.C. § 
112, second paragraph, as being indefinite for failing to particularly point out and 
distinctly claim the subject matter which the applicant regards as the invention. 
The Examiner states that the term "single gene conversion" is used contrary to its 
accepted meaning. Claims 18-20 and 47-49 have been cancelled and new 
claims 50-57 have been added. The tenn "single gene conversion" is no longer 
used in the claims. It has been replaced with the term "backcross conversion". 

9. The Examiner rejects claims 3. 9-20, 22, 28-44 and 47-49 under 35 
U.S.C. 112, first paragraph, as containing subject matter which was not 
described In the specification in such a way as to reasonably convey to one 
skilled in the art that the inventor(s), at the time the application was filed, had 
possession of the claimed invention. The Applicant traverses the rejection. 
Claims 3. 11. 12, 13, 14. 17, 18, 19, 20, 22, 28. 29, 30, 31, 32, 33, 34, 35. 36, 44, 



12 

Received from < 515 334 6883 > mm 3:36:11 PM [Eastern Standard Time] 



03/^24/03 MON 15:39 FAX 515 334 6«83 
09/759,704 



PIONEER HI-BRED DSM 



aois 



47, 48, and 49 have been cancelled in order to expedite pnosecution. Claims 9, 
37, 38, 39, 40, 41, 42, and 43 have been amended. New claims 50-57 have 
been added. 

The Examiner rejects claims 9-11 which are to the F1 hybrid plant. The 
Applicant points out that on page 41 of the application Table 3 contains mean 
values of F1 plants made with PH6WG as one parent and numerous other maize 
inbreds as the second parent. On pages 42-46 of the application Tables 4A-4C 
contain mean values for traits from an F1 made with PH6WG as a parent and 
inbred PH581 as the second parent. The Examiner also states that the U.S. 
Court of Appeals Federal Circuit's decision states that "a showing of 'possession' 
is ancillary to the statutory mandate that the specification will contain a written 
description of the invention and that a showing of possession alone does not 
cure the lack of written description of the specification, as required by statute." 
Applicant points out that not only possession is shown via Tables 3 and 4A-4C 
but the requirement of written description is fulfilled by the fact that a seed 
deposit is made and F1 plants made with PH6WG as a parent will contain all of 
the homozygous alleles of PH6WG. Further, one of ordinary skill in the art would 
know how to cross PH6WG with another maize plant. The F1 hybrid seed and 
plant produced using PH6WG, regardless of the other maize plant used, is 
identifiable because it will have one set of alleles coming from PH6WG. One of 
ordinary skill in the art would be able to run a molecular profile on PH6WG and 
the F1 hybrid and be able to identify the F1 hybrid as being produced from 
PH6WG. Seed pericarp tissue, which is solely maternal in origin, can be used to 
discern the maternal or paternal origin of the allele sets if necessary. See page 
16 of Poethig, R.S. 1982. Maize, the plant and its parts. In; W.F. Sheridan (Ed.) 
Maize for Biological Research, University of North Dakota Press, Grand Forks, 
ND. pp. 9-18, submitted as Appendix A . 

The Examiner rejects claims to transformed plants of PH6WG and 
backcross conversion plants of PH6WG. The claims to transg nic plants and 
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backcross conversions are in new claims 50-57. The Examiner states that, "the 
claims encompass any transgenic pfant using Applicant's PH6WG maize plant 
comprising, for example, transgenes encoding transcription factors, which are 
known to be capable of affecting the expressing of multiple genes and 
expression of multiple traits within a transformed plant," The claims include the 
well known methods of producing backcross and transgenic conversion plants. 
The product by process claims are further limited by specified conversion or 
transgenic traits, which include the traits of insect resistance, herbicide 
resistance, disease resistance, waxy starch, and male sterility. The Applicant is 
claiming PH6WG or a limited set of plants derived therefrom that have obtained 
significant genetic contribution from PH6WG. 

Applicant respectfully points out that examples of transgenes, genes, and 
traits that can be backcrossed into the PH6WG are given in the application on 
page 21, lines 16-34, and also on page 23, line 20, through page 33. line 4. In 
order to expedite prosecution new claims 51 and 55 list the type of traits that may 
be conferred by backcross conversions and transgenes. Claim 51 also specifies 
that PH6WG is used at least twice as a recurrent parent in the development of a 
backcross conversion plant. Breeders, by using molecular markers, may obtain 
up to 98% genome identity between the backcross conversion and the recurrent 
parent after two backcrosses. See Marker-assisted Selection in Backcross 
Breeding, Openshaw, S J. et al. Marker-assisted selection in backcross breeding. 
In: Proceedings Symposium of the Analysis of Molecular Data, August 1994, 
pp, 41-43. Crop Science Society of America, Corvallis, OR (1994) included as 
Appendix B . Inbred PH6WG transformed to comprise a transgene is also easily 
identifiable through the use of molecular markers. The transgenic version of 
PH6WG would have the same molecular profile as PH6WG, with the possible 
exception of a marker used in the profile that is located at the site of transgene 
insertion. However, in this case, the plethora of other identical markers would 
identify the line as a transgenic variant of PH6WG. This remains true regardless 
of the trait conferred by the transgene. 
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In the specification on page 4, lines 7-13, it states, "Backcrossing can be 
used to transfer a specific desirable trait from one inbred or source to an inbred 
that lacks that trait. This can be accomplished, for example, by first crossing a 
superior inbred (recurrent parent) to a donor inbred (non-recurrent parent), that 
canies the appropriate gene(s) for the trait in question. The progeny of this cross 
is then mated back to the superior recurrent parent followed by selection in the 
resultant progeny for the desired trait to be transfen-ed from the non-recurrent 
parent." The method of backcrossing genes into an inbred maize plant is well 
known and well understood to one of ordinary skill in the art. The method has 
been successfully used since the 1950's (see pages 585-586 of Wych, 1988 
Included in the Information Disclosure Statement). In the specification, on page 
21, lines 16-34. there is a description of how to backcross traits into PH6WG, 
which includes the claimed traits. Examples of how one of ordinary skill in the art 
can transfer a gene conferring a qualitative trait into a variety through 
backcrossing is demonstrated by the fact that the commercial market now 
distributes a multitude of products produced in this manner. Such conversion 
lines are easily developed without undue experimentation. Poehlman et al. 
(1995) on page 334, submitted in the information disclosure statement, states 
that, "A backcross-derived inbred line fits into the same hybrid combination as 
the recurrent parent inbred line and contributes the effect of the additional gene 
added through the backcross." Wych (1988) on page 585-86, also submitted in 
the information disclosure statement, discusses how the male sterility trait is 
routinely backcrossed into an inbred line and how this is used to produce a 
sterite/fertlle blend of an F1 hybrid in order to reduce seed production costs. In 
fact, many commercial products are produced In this manner, and those of 
ordinary skill in the art consider the F1 hybrid produced with the male sterile 
(backcross conversion) inbred to be the same variety as the F1 hybrid produced 
with the non-backcross conversion inbred. 

As a result of the repeated use of the recurrent parent, the backcross 
conversion has many genetic alleles in common with the recurrent parent Thus, 
genetic analysis may be used as a means of identifying the backcross 
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conversion. The declaration attached as Appendix C explains how genetic 
analysis was used to identify backcross conversion inbreds of PH6WG. The F1 
hybrid made with a transgenic version or a backcross conversion of PH6WG is 
also identifiable by the use of genetic markers, because the hybrid would contain 
one set of alleles from each parent. The Applicant further points out that in a 
backcross conversion both parental lines are well characterized because the 
deposited line is repeatedly used as a parent. 

The Examiner rejects claims 37-39. Claims 37-39 are directed to growing 
out an F1 hybrid in which PH6WG is a parent and searching for PH6WG inbred 
seed. Due to the imperfect process of seed production parent seed can 
sometimes be contained in the hybrid seed bag. This claim covers the method of 
searching for inbred PH6WG seed within a bag of hybrid seed. The method is 
clearly described in the specification on page 5, line 21 through line 7 on page 6. 
One of ordinary skill in the art can practice such a method without undue 
experimentation. The Applicant requests that the Examiner withdraw his rejection 
to claims 37-39, 

The Examiner rejects claims 15, 16. 40, and 42, These claims are to 
methods of breeding with PH6WG. Applicant points out that anyone of skill in the 
art would know how to utilize the well established breeding methods with 
PH6WG. Description of such occurs throughout the specification and 
descriptions can also be found In introductory plant breeding books. One of 
ordinary skill in the art would know how to cross PH6WG with another plant. One 
of ordinary skill in the art would know how to self the plant produced through the 
cross for successive filial generations. The Applicant requests that the Examiner 
specifically state the basis for the rejection to the method claims. 

The Examiner rejects claims 40. 41, 42. and 43. Claims 40-43 remain 
pending and have been amended. Claim 40 is to the method of producing a first 
generation PHeWG-derived hybrid maize plant. Claim 41 is to the first 
generation F1 PH6WG-derived maize plant produced by the method of claim 40. 
The first generation F1 plant is identifiable through both breeding records and 
molecular marker techniques. Claim 42 is to the method of selfing the first 
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generation hybrid PH6WG for successive filial generations. This is a basic and 
well known breeding methodology, and the use of this methodology with PH6WG 
is described in the specification on page 21, lines 1 to 15. 

Claim 43 is to plants derived from claim 42 that have at least 50% of their 
genetics derived from PH6WG. These claimed plants are deariy described by 
their method of production, which requires the use of PH6WG. Such plants must 
be produced through the use of PH6WG and the Examiner acknowledges that 
PH6WG is clearly identified. Further, Applicant has added the limitation of at 
least 50% Inheritance from the PH6WG side of its pedigree to further emphasize 
the significant influence of PH6WG in the claimed product. Genetic inheritance 
has been accepted by both courts and governmental agencies as an accurate 
and reliable means of identification. In paternity cases courts routinely compel 
genetic testing of putative fathers to establish paternity, and federal law 
mandates that states have laws requiring that genetic test results be admissible 
in such cases without the necessity for foundation testimony or other proof. 42 
U.S.C. 666(a)(5)(F)(lii)(Supp. V 1999). in such cases, a child will, on average, 
inherit 50% genetic contribution from each parent. Similariy, the plants produced 
by the method of claim 42 will also, on average, inherit 50% genetic contribution 
from each parent. 

The Examiner states that, "the disclosure must allow one skilled in the art 
to visualize or recognize the identity of the subject matter purportedly described". 
Applicant requests that the Examiner examine the sufficiency of description of 
claim 43 with all of its claim (imitations, including the [imitation that the progeny 
be produced by the method of claim 42, with the use of PH6WG and retaining at 
least 50% genetic contribution from PH6WG. One of ordinary skill in the art 
would know how to cross PH6WG to develop an F1 hybrid and also how to self 
plants derived from the cross with PH6WG. In Ex parte Parks, 30 USPQ 2d 1234 
(B.P.A.L 1994), the Board of Appeals stated, "Adequate description under the 
first paragraph of 35 U.S.C. 112 does not require literal support for the claimed 
invention. Rather, it Is sufficient rf the originally-filed disclosure would have 
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conveyed to one having ordinary skill in the art that an appellant had possession 
of the concept of what is claimed." 

10, The Examiner rejects claims 30-32 and 47-49 under 35 U.S.C. 1 12. 
first paragraph, as containing subject matter which was not described in the 
specification in such a way as to reasonably convey to one skilled in the art that 
the inventor(s), at the time the application was filed » had possession of the 
claimed Invention. Applicant traverses the rejection but has cancelled claims 30- 
32 and 47-49 in order to expedite prosecution. 

11. The Examiner rejects claims 3, 9-20, 28-44, and 47-49 under 35 
U.S.C. 112, first paragraph, as containing subject matter which was not 
described in the specification In such a way as to enable one skilled in the art to 
which it pertains, or with which it is most nearly connected, to make and/or use 
the Invention. Applicant traverses the rejection. Claims 3, 11-14, 17-20, 28-36, 
44, and 47-49 have been cancelled in order to expedite prosecution. 

The Examiner states that arguments of the Applicant have not been found 
persuasive "because Applicant does not teach which markers to use in the 
identification method that would be useful for reliably identifying a maize plant as 
a progeny of PH6WG, and not for instance, maize plant PHR61." The Applicant 
has fulfilled this written description requirement through the seed deposit of 
PH6WG. As described in the specification, lines 8-23 on page 16, the seed 
deposit allows one of ordinary skill to run a molecular profile of PH6WG. One of 
ordinary skill in the art would know how to obtain markers useful for such a 
profile- For example, the Applicant refers the Examiner to the Maize DB on the 
world wide web at agron.missouri.edu for an extensive listing of Markers that 
could be reliably used for this purpose. To expedite prosecution. Applicant 
submits the molecular profile of inbred line PH6WG in the declaration of Dinakar 
Bhattramakki attached hereto as Appendix D . Further, Applicant amends the 
specification to include such SSR profile. Such SSR profile is not new matter, as 
it is an inherent feature of inbred line PH6WG, a representative sample of which 
has been deposited with the ATCC. For example, see Ex parte Marsili. Rosetti. 
and Pasaualucci . 214 USPQ 904 (1972), in which the Patent and Trademark 

18 

Received from < 515 334 6883 > at 3/24/03 3:36:1 1 PM [Eastern Standard Time] 



03/24/03 MON 15:41 FAX 515 334 6S83 



PIONEER HI-BRED DSM 



(g)024 



09/759.704 

Office Board of Appeals held that It was not new matter to amend the structure of 
a compound when a mora refined analytic investigation showed a corrected 
formula. The Board, relying on well established cases of In re Nathan et al . 51 
CCPA 1059. 328 F.2d 1005. 140 USPQ 601 (1964); In re Sulkowski > 487 F.2d 
920, 180 USPQ 46 (CCPA 1973); Soero v. Rinaold . 54 CCPA 1407, 377 F.2d. 
652, 163 USPQ 726 (1967), and Petisi et al. v. Rennhard et aL . 53 CCPA 1452, 
363 F. 2d 903, 150 USPQ 669 (1966) concluded that the "products described, 
exemplified and claimed by Appellants Inherently had and have now the structure 
given in the amendment in question. Consequently, the changes made in this 
amendment do not constitute new matter, Marsili at 906. Similarly, in the 
present case, inbred line PH6WG inherently had and still has the SSR marker 
profife being added. One of ordinary skill in the art can use molecular markers to 
identify PH6WG, a transgenic version of PH6WG, a backcross conversion of 
PH6WG and the F1 plant of the transgenic version and backcross conversion of 
PH6WG. 

The Examiner goes on to state that "claims 9-11, 13, 14, 17-20, 28-30, 32, 
33, 36-39, 41, 43, and 47-49 are rejected as not enabled for the lack of written 
description because Applicant has not adequately taught one of skill in the art 
how to make and use the claimed invention,'* The Examiner goes on to cite 
Hunsperger et al., Kraft et al. and Eshed et al. and states that they teach "it is 
unpredictable whether the gene or genes responsible for conferring a phenotype 
in one plant genotypic background may be introgressed into the genetic 
background of a different plant, to confer a desired phenotype in said different 
plant. The Examiner states that, "Hunsperger et al teach that the introgession of 
a gene in one genetic background in any plant of the same species, as 
performed by sexual hybridization, is unpredictable in producing a single gene 
conversion plant with a desired trait (see, e.g., column 3, lines 26-46)." 
Applicant's respectfully disagree that this is what is taught by Hunsperger et aL 
Hunsperger et al. teaches that a gene that results in dwariism of a petunia plant 
can be incorporated into other genetic backgrounds of the petunia species (See 
column 2, line 67 to column 3, lines 1-4). Hunsperger et al. merely discusses the 
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level of the expression of that gene differed in petunia plants of different genetic 
backgrounds. Hunsperger et al. succeeded in incorporating the gene into 
petunia plants of different genetic backgrounds. Therefore. Hunsperger et al. 
support the fact that one can introgress a specific trait Into a recurrent parent 
through backcross conversion. Applicant's specification provides ample 
disclosure of starting materials such as maize inbred PH6WG, a discussion of 
traditional breeding methods, and examples of transgenes and naturally 
occurring genes that may be used in such methods. Hallauer et al. (1988) on 
page 472, submitted in the information disclosure statement, state that. Tor 
single gene traits that are relatively easy to classify, the backcross method is 
effective and relatively easy to manage." The teaching of Hallauer relates 
specifically to corn breeding and corn inbred line development. 

The Examiner goes on to state that. "Kraft et al. teach that linkage 
disequilibrium effects and linkage drag prevent the making of plants comprising a 
single gene conversion, and that such effects are unpredictably genotype- 
specific and loci-dependent In nature (see, e.g,, page 323).'' Applicant disagrees 
that the article states such points. Kraft et al. make no mention of a plant 
comprising a single gene conversion or the use of backcrossing. Further, Kraft et 
al. relates to linkage disequilibrium and fingerprinting in sugar beet, a crop other 
than maize. Kraft et al, state, on p. 326, first column, "The generality of our 
results for other crop species needs to be investigated." 

It is understood by those of skill in the art that backcross conversions are 
routinely produced and do not represent a substantial change to a variety. The 
World Seed Organization, on It's web site, writes, 'The concept of an essentially 
derived variety was introduced into the 1991 Act of the UPOV Convention in 
order to avoid plagiarism through mutation, multiple back-crossing and to fill the 
gap between Plant Breeder^s Rights and patents." As determined by the UPOV 
Convention, essentially derived varieties may be obtained for example by the 
selection of a natural or induced mutant, or of a somaclonal variant, the selection 
of a variant individual from plants of the initial variety, backcrossing , or 
transformation by genetic engineering. The commercialization of an essentially 
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derived variety needs the authorization of the owner on the rights vested in the 
initial variety." International Convention for the Protection of New Varieties of 
Plants, as amended on March 19, 1991, Chapter V, Article 14, Section 5(c), 
(emphasis added). A copy of the relevant portion of the UPOV Convention and 
the Worid Seed Organization web site is attached as Appendix E . 

An example of how one of ordinary skill in the art can transfer a gene 
conferring a qualitative trait into a variety through backcrossing is demonstrated 
by the fact that the commercial market now distributes a multitude of products 
produced in this manner. Such conversion lines are easily developed without 
undue experimentation. Poehlman et al. (1995) on page 334, submitted in the 
information disclosure statement, states that, "A backcross-derived inbred line fits 
into the same hybrid combination as the recurrent parent inbred line and 
contributes the effect of the additional gene added through the backcross." 

The Examiner goes on to state that. "Eshed et al teach that in plants, 
epistatic genetic interactions from the various genetic components comprising 
contributions from different genomes may effect quantitative traits in a genetically 
complex and less than additive fashion (see. e.g., page 1815). The Applicant 
would like to point out on page 1816, column 1, lines 1-5 of the Eshed et aL 
article it states, "Recent studies that detected epistasis of selected QTL in 
Drosophila (Long et af, 1995), soybean (Laric et al.1995) and maize (Doebley et 
al.1995; Cockerham and Zeng 1996) did not show a less-than-additive trend." 
Emphasis added. Applicant also adds that transferring a qualitative trait does not 
require undue experimentation. Please note Hallauer et aL (1988) on page 472, 
submitted in the information disclosure statement, which states, "For single gene 
traits that are relatively easy to classify, the backcross method is effective and 
relatively easy to manage." Claim 51 has been amended to expedite 
prosecution. In claim 51, the genes transfemed into PH6WG are now limited to 
the traits of herbicide resistance, insect resistance, disease resistance, male 
sterility, and waxy starch. 

The Examiner goes on to state that. **At claims 18-20. 37-39, and 47-49. 
the claimed method for producing inbred PH6WG and PH6WG maize plants or 
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parts thereof comprising one or more 'single gene conversion' are not enabled In 
view of Applicant's specification because Applicant states that neither the 
genotypes of the breeding cross parents nor the desired genotype to be selected 
is known in detail and that it is not known how the genotype would react with the 
environment." 

Applicant respectfully points out that claims 37-39 are to a method that is 
referred to as "chasing selfs" in the corn research industry. Please note that 
claim 37 reads, "A process for producing inbred PH6WG, representative seed of 
which have been deposited under ATCC Accession No. PTA^530, comprising: 
(a) planting a collection of seed comprising seed of a hybrid, one of whose 
parents is inbred PH6WG said collection also comprising seed of said inbred 

Emphasis added. As stated earlier claims 37-39 are directed to growing 
out an F1 hybrid in which PH6WG is a parent and searching for PH6WG inbred 
seed that was mistakenly bagged with the hybrid seed. Due to the imperfect 
process of seed production parent seed can sometimes be contained in the 
hybrid seed bag. This claim covers the method of searching for inbred PH6WG 
seed within a bag of hybrid seed. The method is clearly described in the 
specification on page 5, line 21 through line 7 on page 6. One of ordinary skiil in 
the art can practice such a method without undue experimentation. The Applicant 
requests that the Examiner withdraw his rejection to claims 37-39. 

Claims 18-20 and 47-49 have been cancelled and replaced with new 
claims 50-57, Claims 54 and 55 are to the method of transforming PH6WG and 
the transformed plant with listed transgenes. These claims are similar to the 
claims suggested by the Examiner, New claims 50-53 are to the backcross 
conversions of PH6WG. The Examiner states that it would be undue trial and 
error experimentation by one of skill in the art to produce a "single gene 
conversion" or as now stated a "backcross conversion" of PH6WG. Applicant 
disagrees with the Examiner. As previously stated in this response, the 
specification, IDS references, and the seed organization of UPOV. all state that 
backcrossing a trait into an inbred maize plant is routinely practiced. 
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Claim Rejections under 35 U.S.C. § 102 and 103 

The Examiner states that. "Claims 14, 41. and 43 remain rejected under 
35 U.S,C. 102(b) as anticipated by or in the alternative, under 35 U.S.C. 103(a) 
as obvious over Hoffbeck (U.S, Patent No. 5.463,173)," Applicant traverses the 
rejection. 

Applicant has cancelled claim 14, Applicant has amended claim 41 and 
claim 43. Claim 41 is limited to the F1 hybrid produced from one cross with 
PH6WG. Claim 43 is limited to progeny produced by the method of claim 42, 
which requires the use of PH6WG, and is further limited to progeny deriving at 
least 60% genetic contribution from PH6WG. 

As evidenced by the declaration of Stephen Smith submitted as Appendix F . 
both PH6WG and its progeny within the scope of claim 43 are distinct from 
PHR61 taught in U.S. Patent No. 5,463,173. 

In light of the above, Applicant respectfully requests that the Examiner 
reconsider and withdraw the rejection to claims 41 and 43 under 35 U.S.C. 102 
(b) and 103(a). 

Claims 1, 2, 4-10, 15-16, 21, 23-27, 37-43, and 50-57 are now pending in 
the application. The amendments made herein do not in any way change the 
claim scope which the Applicant believes is allowable but is meant to hasten the 
issuance of the patent. 

CONCLUSION 

Applicant submits that in light of the foregoing amendments and the 
remarks, the claims 1, 2, 4-10, 15-16, 21, 23-27, 37^3, and 50-57 are in 
condition for allowance. Reconsideration and early notice of allowability is 
respectfully requested. If it is felt that it would aid in prosecution, the Examiner is 
invited to contact the undersigned at the number indicated to discuss any 
outstanding issues. 

Respectfully submitted, 
Brian Douglas Swanson 
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2 MAIZE - THE PLANT AND ITS PARTS 
R. Scott Poethxg 

Department of Agronomy, Curtis Hall 
University of Missouri 
Columbia, MO 65211 




One of the greatest deterrents to an appreciation of plant morphology is 
the terminology used to describe various plant parts. This problem is 
compounded in the case of maize because of its relatively unusual strucLure 
We all learn that plants have a vegetative body composed of stems, leaves 
and roots, and that flowers contain sepals, petals, pistils and stamens 
Maize, however, has at least three Kinds of leaves, two kinds of stems, two 
kinds of roots, and two kinds of flowers in which glumes, lemmas and paleas 
take the place of sepals and petals. Fortunately, these parts are arranged 
in a relatively simple fashion, so the task of mastering maize morphology is 
not as difficult as it might seem. In this article we will identify some of the 
most important parts of the maize plant and describe their organization . 
More detailed descriptions of the developmental morphology of maize have 
been provided by a number of investigators. Kiesselbach \l949, reprinted 
1980) gives a good general picture of maize structure and development. The 
external morphology and the histology of the vegetative and reproductive 
shoots have been studied by Bonnett (1948, 1953), Shantian (1942) and Abbe 
and co-workers (Abbe and Phinney, 1951; Abbe et al. , 1951), whOe the most 
comprehensive descriptions of the embryogeny are those of Randolph (1936) 
and Abbe and Stein (1954). A summary of the histology of the corn plant, 
written by Sass in 1955, has been reprinted in the recent edition of Corn 
and Corn Improvement (1976). 

T he organisation of the plant body : Maize is a member of the grass 
family, the Gramineae, and as in all grasses, most of the plant body is leaf 
tissue (Fig. la). To appreciate the general organization of the maize plant 
It is helpful, therefore, to see it in a leaf- less state (Fig. lb). Stripped 
naked, the maise plant is not very impressive. Its main stem, or culm, is a 
slender, segmented shaft similar to a stalk of bamboo or sugarcaneT The 
enlarged joints along the stem, the nodes, mark the points of leaf attach- 
ment; the stem segment between nodes is called the intemode . Each node 
bears a single leaf in a position opposite that of the neighboring leaf, giving 
the plant two vertical rows of leaves in a single plane (Fig. la; 2). This 
so-called distichous phyUotaxy is typical of all leaf-like appendages, 
wherever they occur on the plant. 

Maize has unisexual, rather than bisexual flowers. Male (staminate) 
flowers are located at the apical tip of the main stem in the tassel, a 
branched inflorescence. Female (pistillate) flowers are found in one to 
several compact ears , located on the ends of short branches near the middle 
of the stem (Fig. lb; 2). 

This partitioning of male and female flowers in separate structures 
distinguishes maize from other cereals and is one of the principal reasons 
that its genetics has been so conveniently explored. Making controlled 
pollinations in maize requires little more effort than that involved in placing 
a bag over the tassel and ear shoot. To perform a controlled pollination in 
rice, wheat, barley and other cereals, it is necessary to emasculate each 
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flower used as a female parent, an especially tedious job when each flower 
yields only one seed. 




Figure 1. a) Mature raaize plant (after Kiesselbach, 1949). b) Mature mai2e 

plant drawn without leaves and adventitious roots. The apical 
end of the main stem (cubn) terminates in the tassel, while the 
basal end terminates in the primary root (radicle). The ear shoot 
arises from an intemode near the center of the culm. 

Maize also differs from closely related species in that it has relatively 
few branches. Only the lower 10 to 12 internodes of the stem produce 
branch primordia, and most of these remain suppressed. Above-g-round 
primordia develop into ear shoots, while those located at subterranean inter- 
nodes develop into tillers — branches identical in structure to the main stem. 
Commercial hybrids (except sweet corns) generaUy tiller very little, and 
typically produce a single viable ear shoot. In contrast, some '^varieties" 
may have several large tillers and may produce 2 ears on the main stem and 
some ears on tillers. 

The stem : During the first four weeks after germination, the growing 
point of the stem lays down aU the nodes and internodes of the plant and 
then differentiates into a tassel. At the time of tassel formation the stem is 
not more than 3-4 inches tall, even though the plant may be 3-4 feet in 
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height (Fig, 3). Subsequently, the stem begins to elongate rapidly, with 
most of the growth occurring at the base of the internodes. The lowermost 
6-8 internodes do not participate in this growth, however, and remain below 
ground where they produce the root system and tillers. These subterranean 
internodes taper sharply towards the base of the stem, forming a distinctive 
region, the crown (Fig. lb). The stem is thickest a few inches above 
ground, and tapers gradually towards the tassel. All the internodes from 
the top ear downward have a distinct groove associated with the axillary bud 
at the base of the internodes; internodes above the ear lack axillary buds 
and are smoothly cylindrical. 




Figure 2. The major parts of the maize plant. Drawings in part from P. 

Weatherwax in Corn and Com Improvement, 1955, and E. D. 
Styles et al. in Can. J. Genet. Cytol. 15:59, 1973; figure 
assembled by M. M. Johri and E. H, Coe. 
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The stem of an ear shoot, called the shank iFig. 2), differs from the 
main stem in being relatively short in most strains. In addition, the inter- 
nodes of the shank are variable in number, irregular in shape and size, and 
tend to have a crinkled rather than smooth surface. Secondary ear shoots 
commonly occur on the shank of several types of maiae, but are rare in most 
commercial strains unless fertili^zation of the apical ear is prevented. 



Figure 3. A four week old plant (approximately 3 feet tall) in which the 

stem apex has differentiated into a tassel. As shown on the 
right, the stem is still relatively short at this stage- 

The tassel : The tassel, located at the top of the culm, consists of a 
series of large branches ( spikes ) covered with numerous, small flower- 
bearing branches ( spikelets : Fig. 2) Each branch point on a spike bears 
two spikelets, one on a long stem ( pedicellate ), the other on a short stem 
(sessile) (Fig. 4a). Each of these spikelets, in turn, produces two func- 
tional florets. Although tassel floi-ets contain both stamens and a pistil, the 
pistil normally degenerates soon after it is initiated, making the floret 
functionally male. However, pistils will develop at the base of the tassel 
under some environmental and physiological conditions, and are quite 
common on tillers. 
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Figtire 4. Schematic drawing of a pair of tassel spikelets (A) and a pair of 

ear spil<elets (B). Note that the lower floret in the ear spikelet 
aborts early in development, p.s. - pedicellate spikelet; s.s. - 
sessile spikelet; gl - glumes; le - lemma; pa - palea; fl - floret. 

Surrounding both florets on a spikelet are 2 leaf-like scales called 
glumes (Fig-. 2; 4a). Within the glumes, each floret is individually enclosed 
in another pair of scales, one located adjacent to the glume (the lemma ) , the 
other located between the two florets (the palea ) (Fig. 4a). At anthesis, 
these scales are forced apart by the swelling of conical structures 
(lodicules) at the base of the 3 stamens, and the filamentous base of the 
stamens elongates, forcing the anthers out of the flower (Fig, 2). As they 
dangle downwards, the anthers shed poUen from openings at their tip. 

Pollen grains are the multicellular products of the haploid microspores 
that result from the meiosis of a microspore mother cell (microsporocyte) . 
Meiosis takes place in the anther before the tassel emerges from the leaf 
sheaths. After meiosis, the 4 resulting haploid microspores separate from 
each other, and each forms a thick waU. Shortly before shedding, each 
microspore undergoes two mitotic divisions. The first division is asymmetric, 
and produces a relatively large vegetative cell and a smaller generative cell. 
In the second division, the generative cell divides to form two sperm cells. 

The ear : The ear is morphologically similar to the tassel, although this 
resemblance is obscured by differences in the relative si2e of their parts. 
The crucial difference between them is, of course, that the tassel contains 
male flowers, and the ear bears female ones. This difference is due simply 
to the fact that during the formation of an ear floret, stamen primordia are 
arrested at an early stage in their development, while the pistil develops 
fuUy. Each functional ear floret has a single ovary , which terminates in an 
elongated style, or silk (Fig. 5). Within the ovary is a single embryo sac . 
The embryo sac is the product of one of the four haploid cells resulting from 
the meiosis of the megaspore mother cell. While its three sister cells de- 
generate, the nucleus of this cell divides three times to produce 8 haploid 
nuclei within a common cytoplasm (the embryo sac). Two of these nuclei 
( polar nuclei ) migrate to the center of the embryo sac where they become 
closely associated- The three nuclei remaining at the base of the embryo sac 
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subsequently undergo cellularization to form the egg cell and two synergids 
while the 3 nuclei at the tip of the embryo sac proliferate to form 24-48 
antipodal cells . 




Figure 5. Radial longitudinal section of an ovary with an xinfertiliised 

embryo sac (after Randolph, 1936). Upon fertilization, the 
nuceUus is digested by the expanding embryo sac and the tissue 
surrounding the nucellus is transformed into the pericarp, si - 
silk; e.s. - embryo sac; nu - nucellus; in - integuments. 

The ear also differs from the tassel in that it has no major lateral 
branches. Its thick, Kgnified axis, the cob, is homologous to the central 
spike of the tassel. As in the tassel, ear spikelets come in pairs , but in 
the ear they are equal in size and only one of the florets in each spikelet is 
functional (Fig. 4b). An ear therefore has an even number of parallel rows 
of equally sized kernels equal to the number of spikelets on the cob. The 
number of rows (or ranks) of kernels ranges from 4 to 30. 

The glumes, lemmas and paleas of the ear spikelets are readily visible 
in an unfertilized ear, but are soon obscured by the enlargement of the 
ovary after fertilization. In a mature ear these structures are represented 
by the chaff that adheres to the cob and the base of the kernel after it is 
shelled. 

The leaf: Maize produces three kinds of vegetative leaves; foliar 
lea^, husk leaves and prophylls . A foliar leaf is located at each oFoie 
nodes on the main stem, husk leaves are located on the shank of the ear 
shoot, and prophyUs are found at the base of the shank between the* ear 
shoot and the stem (Fig. 2). 
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The fouar l-f dist^ct p^^^^^ 

tending away rom the sten. ^fJ^^J^^^'^^, blade "^consists of a spongy 
around the stem 2). ^^JJ^^^ paraUel, longitudinal veins. This 

network of cells traversed by a f«f ^*f. P*"' thickened translucent struc- 
flexible lamina is s^ipported by the "ud^b f^^^^J^^^^^^ ^nore rigid 

ture located in the center of the ^f^^ ; . J^^^ J^f^^s'" ^nd lacks a prominent 
than the blade, possesses fewer ^^f^^^t^^^e ^^'^^Z"" J,ove the node to 

midrib. The sheath '^<>^Pl«^^ly J,^"^ en^^^^^ that internode.. 

which it is attached and may ^^xtend the ^J^J^^^ J^^g^g^^'g ^^vide most of 
During the early development of the P^^J^'^^^^.^^ "^^^^^ ^At the bound- 
the mechanical support f^^^^^^^J, ^f^fi. ^"^3 a dStkSt hinge of translucent 
ary between ^^^/^ itfSladl'an" ^et?'"heath 'narrow sharply 

an i^d/ntltTri;. Se ^^^f^'^J^^^^^^^^^^ 
adjacent to this indentation is Known as the a^I^^;^ 
collar of filmy tissue located on the inside of tl[^h5:xge. 

The husk leaves surrounding tie ear are ^^^^^^^ .^J^g^^^Ji^f.^if ^^In 
leaf sheaths, with vestiges of the ^lade port^^ \l 
some .strains hu^^ leaves develop a prom^^^^ an ^^^^ ^^^^ 

contrast to the leaf sheath > husk leaves are ''ejauveiy 
husk leaf is attached to a unique node on the shank, ana an 
upper ones are arranged distichously . 

Loca«d between ear the ste. ^^^^^f^^l^XSr'Zl 

ficially like a husk leaf, but is distinguisnea oy s 

and a"^ spUt apex. These features sugges^^^ „ 
tionarily from the fusion of two f^^^^.^^^^f Y^^;./ f„ exin considers the 

„°fSe'SioK,"t?f o.W= be... the 

internode, leaf and axillary bud. 

Th. rnof More is known about the growth, ceU biology, physiology 
The root. ^^^^^^J^L^^''^ .^Qt or radicle, than perhaps any other 
and anatomy of PP^^^g. ^^g^ J^^^^^^^^ by Sass (1976) and 

organ of the plant. Its nibtoiog^icai f"?'-'-"* • , of root is 

Kifsselbach (1949), is typieal of roots m general^^^^^ 

sheathed In a loose network of ?^o°t cap cells • J.^l^';^^^^ hairs are 

is a zone of cell f^^^f <'i^^,,^^,,f,7|f the zone of 
initiated. Larger lateral roots ^^^^^.^U^^^y^f ^ the apical 3 mm of the 
root hair formation. Cell .division is JJ^ J^^^. The zone of 

root, and occurs at a °iaximal rate 1^25 mm benma tne p ^ ^^i^g 

elongation extends 8 mm behind the ^^^^^'''^l^^^^^ Those Lterested in 
maxinal 4 mm from the .tjP (^^^<;^/^J^^^^^^ Silk and 

meters ?hat must be taken into consideration in such studaes. 

Kacal end of the plant axis, which in 

• ''^/.d^'^SI? ^r^L^f ^onTnL^et relftive^^ the ultimate root 

maize and other glasses coninou system consists of 

system (compare Fig la and ^^^^ ^^^^ intemodes of the stem. The 

T.tnT^^^T.^'T. iSroPS^uJS'™ in^mi-de.. and also appea. 
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at 2 or 3 above-ground intemodes after the stem has elongated. Sub- 
terranean adventitious roots are sometimes called crown roots , while those 
initiated above g-round are known as brace roots . ~ " ' 

Adventitious roots grow horizontally for several feet before turning 
downwards. As a result, the root system of a single plant often covers a 
region 6-8 feet in diameter, while the depth of the root system may be as 
much as 6 feet. As it grows, the root branches profusely in the region 
behind the apex, forming both secondary roots and unicellular root hairs. 
The total length of root system of a mature plant has been estimated to be 6 
miles. 



The kernel : The events surrounding the process of fertilisation have 
been described by Miller (1919), Kiesselbach (1949) and Pfahler (1975); 
unfortunately, ultrastructural information about this phenomenon is still 
unavailable . 



The silk is receptive to poUen along its entire length. Within 5 minutes 
after a pollen grain lands on a silk it sends out a tube which penetrates the 
silk and grows downward towards the ovary. During this process the 
vegetative nucleus and the two sperm cells ' migrate to the tip of the pollen 
tube where they remain throughout its growth. Upon reaching the embryo 
sac, 12 to 24 hours after germination, the end of the pollen tube bursts, 
releasing the two sperm. One sperm nucleus fuses with the two polar nuclei 
in the center of the embryo sac to form a triploid cell that gives rise to the 
endosperm. The other sperm nucleus fuses with the egg nucleus to form the 
zygote. As often as 2% of the time the polar nuclei and the egg nucleus are 
fertilized by sperm from different pollen grains, with the extra sperm nuclei 
being somehow lost (Sarkar and Coe, 1971). This phenomenon, called 
heterofertlLization, can lead to a non-correspondence between the genotype of 
the endosperm and embryo when the male parent is heterozygous. 

The development of the kernel following fertilization has been described 
in detail by Randolph (1936). We will only note here that this process takes 
40-50 days and is accompanied by a 1400-fold increase in the volume of the 
embryo sac. The growth of the embryo and the accumulation of food 
reserves in the endosperm is completed by about day 40, and the remaining 
10-20 days is spent maturing and drying. 

A mature kernel has three major parts: the ^SGSHjB' endosperm and 
embryo (Fig. 6). The pericarp, the tough transparent outer layer of the 
kernel^ is derived from the ovary wall and is therefore genetically identical 
to the maternal parent. The endosperm and embryo represent the next 
generation . 

The endosperm makes up about 85% of the weight of the kernel and is 
the food source for the embryo for several days after it germinates. This 
food takes the form of intracellular starch grains and protein bodies, and is 
concentrated to varying degrees in different parts of the endosperm 
(Duvick, 1961). In flint-type kernels the concentration of starch and 
protein bodies is higher around the periphery of the endosperm than in the 
center, giving the endosperm a hard> corneous external layer, and a soft, 
granular center. In dent kernels, the granular tissue extends to the crown 
of the endosperm so that it coUapses upon drying and produces a distinct 
indentation. These two traits are polygenic in their inheritance and are 



Received from < 515 334 6883 > at 3/24/03 3:36:1 1 PM [Eastern Standard Time] 



03/24/03 MON 15:46 FAX 515 334 6d83 



PIONEER HI-BRED DSM 



11038 



17 



cJi^h^o?'*'^^''' Of specific races of maize. Other common endosperm tra-'ts 

T^.^i':'s^^ o?zi.x.z^^^^^^^ ^^^^^ ^^^^ ~sfLT™s^ 





Figure 6. Longitudinal 



^- 1 r, ^ N of ^ mature dent kernel, taken perpen- 

fStl^Kt^^l\u''i^^foli\' ^^^^^'^ "PP^'- °f th^ kernel 

il^^:on^^'^^^'^^^^ • . f,1^^^^^ ?f ■ P!f^-^- endosperm; al - 



", ^'^"t^ll^^; - coleoptile; pi - plumVlV; 

radicle; cr - coleorhiza. 



ra - 



analvS^'of'^Ln^^ understanding of gene action in maize is based on the 
analysis of genes affecting the pigmentation of the external lavpr of rh« 
endosperm the aleurone. This specialized single cell Sye^ J tie onl? par? 

tie^ cSs S;7. pigmented Interna^'^nT- 

sperm cells may be either yellow or white. 

^nH ^f^^K^ K ^ located on the broad side of the kernel facing the upper 
thi iLh^v^' .^^"^^^^ ^ l^y*^'- of endospex-m ceUs. Most of the U?Jue 
ui the embryo is part of the scutellum, a spade-like structure concerned 

TreaTTe^^lLe^'"^^^^ ^er^&ating seedlingX 

flZT^f endosperm. The shoot and root axis are recessed in the outer 

leaf fr^^rA^'^H^r- ^ ""^i"^^ shoot ( Plumule ) has 5 ?o 6 

sSSi ^54?^^ I' successive stages of^'di^pment (Abbe 

.T/it^'* ! S^^roundmg the shoot is a cylindrical structure caUed 

SSu ^d an?" i. Sir ^^T^^f °^ ^J?^ -°l^optile elongates untij it is aSSe 
le^ve^ w1?h1n it ^^^"r'^ ""^ ""'^^^ ^^P^'^ expansion of the rolled 

coteo?hiS uilik. ?A IS enclosed in a sheath of tissue called the 

^igorhiza. Unlike the coleoptile, the coleorhiaa does not elongate very 
much, and gives way to the radicle as soon as it emerges fro^T the seed 
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Atstract. Th« backcro^ breeding procedure had been used widely to transfer dimply inherited traits Into ditt genotypes. 
GcnthC markew can increase the cffitctivtMs* of hackcroMing hy 1) ivier^fing the probability of obtaininz « suitable 
Cflflvarsiott, and 2) decrfmsEuE the tlwc require to achSeTC an acceptehlc recovery. Slmnlfltioa and £cld r^\x^ indi^t^ 
that, for a gettome consbdng of ten 200-cM chromosomes, badns selection on 40 or 80 markers ia 20 B C Individuals that 
carry the aUele bftlng trttnsfarreii c^n reduce the toimiber ot backcross f enctotifliu needed froia about seren to three. 



The backcross bnseding proceciurft been used widely 
to transfer sixBply inherited traits into elite aenotypes. 
Usually, the iralc being iran^cucd is contioUed by 4 
single gene, buthigbly heritable traits that arc mort complexly 
mhcritcd have also been transfcired successftiliy by backeross- 
iRg; fa!* example, malimty in jtnaize (Ricfce and Sentz* 
ShQVcr, 1976). Today, backcxoswa^id beinc Tiserf to craftsfer 
geces ixHTOduced by such tecbnique$ as transfomiatiOO or 
mutation Inio ac^ropriace eennpfaam. 

ScverHl plant breeding textbooks ^ve good description^ of 
the backcross proceditfe CAUard, 1960; Fehr, 1987). A donor 
partnt (DP) carrying a tr»ii of IntErest is crossed to ihe recurrent 
parent (R]P>, an dita lino that is lacking the trait The F is 
crossed back co chc to produce ibe BC, ffenenUloiL In ih6 
and subge^iueat backcTOgs ieneratiotts, selected IndWldu- 
kJs catrying the gene beii^ tnmsfened are b^ckcroued co the 
RP, Tha expected proportion of DP^caoma is reduced by half 
wjtb ev:h generation of backcrossing-Icnonngeffacts of Jink- 
age 10 the sdecccsd allele being transferred, the percentage 
recurrent parent (%RP) genome expected in each bae;kcio5£ 
genoration ui calculated as: 

%RP 100 [t - (O.S)'^»J 

■ 

whei« n lis the number of backcro5$e«, 

Bnckcrossing <if selected plant* to the RP can be repeated 
each cycle until a line is obtained that is essentially a version of 
Che RP that includes the hitrogr»9cd allele^ After £ix back* 
eroaaes. the expected recovery ia >99% ffabla I). 

Until recently* discussions of thoTecbvery of IhcRP genome 
during backciDHing have ctnpbacixed the expected values for 

AnalysU of Mi>(ficular Marker Daiff 



%FP shown in Table I, and have largdy ignored (he genetic 
variadon for %RP that exlics around the expected mean. Widi 
the development of nenetic maiktrs capable of providing good 
genome covErage, there hA£ been interest In taking twJvafllflge of 
(hat v&nab^n to increase the efficiency of backcrosslng. 

Selection for RP marker ^1£Jev ca^i increase greatly the 
effectiveness of hackcrojs programs by allowing the brecdcrto 
1) select backcrosf plants that have a higher proportion of RF 
genome, and 1) ^eleet backcross Individuals that firo bcner 
conversions near a mapped donor allele being transfarred (i,e,, 
select for less linkage drag). Expressed in practical term?, using 
generic markers to assise backcrossiog can 1) Increase the 
probability of obtaimng a suicabld converaion^ and 2) decrease 
ihc time required to achieve an acceptable m»very. 

Issues to consider when plannlog a tAarker^sslsted back- 
cross program include I) the thuo advancage of usiitg mnfkers 
to assist backcrosslng, 2} die number of markers needed, and 3] 
the number of genotypes EO evaluate. In this itpori, we use 
results from previous literature^ computer simulation, and em* 
pjrical shidiBs to provide &anw. guidelines- 
T»bl» 1. Expect^ tnKtNtry o/^^r»rr»ni parMM (XP^ gt^rtu during 
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^XtrlAJa and methods 

Thft maize genome was the model for the simulfition. The 
. ymulaied senomt contained ten 200-cM chromosomes. Simu- 
lation ofcTOsing' over was based ort fl PqUs On distribution wiih 
a m*an of 2.0 (X = 2) (Hanson. 1^35), wtilc^u on average, 
ttenerated one crooi otw for evtvy \ 0O*cM lefts*. The simuh- 
<ion$ T^poncd here afisumc no tnterfer^nco. Codominant ge- 
* flfiiic markers were evenly dUcributed In the genome and sites 
of the donor were f Aodomly assigned lo genome locations* 
Simulations were conducted with die following paramclcrs: 

Number of progeny: ltX> or 50a 

3ac)ccrrQS$ gencradons: BC^, BC^, and BCy 

Number of marke>^i.* 20, 40» 80, or 100. 

Number iclccted co form (he ti^xiBC ^tncrailon; I or 5. 

Sclecdon wad based on 1) presence of the donor allele And 2) 
high ^ffHP)* was calculated as the avcnigc of the (one or 
fTv«) selected individuals. Values prc^^ncad m ihe meart of 50 
' simulations. 

' In the compatcr simulation scudy, all methods modeled 
. spcady increased the st?eed of recovertBg the R? gftccmc 
, compared Id Uic expected recovery witfa ao marker-assisted 
'.- cdectlon (compare Tables 1 and 2). At tea^c SO matJcsrs were 
' . le^iurcd to msovor 99% of the RP setiome in just chzec BC 
gcDcradons CToble 2}« Use of at least 90 marfcsr^ and 500 
i proufcny eUowed recovery of RP in just rwo BC genera- 
dort!., flespojue to i election was diminished only slightly by 
spreading the effort over five selections* Using markets, the 
■ flumbcr pf bflckcross generaiionA neede<^ to conveix an l/ibrtd h 



reduced fnm about seven to Ihre^. 

By the BC, fienerationp there appears to be no aracfic;il 
advMtflst to using 50O v$. lOO individuais. if the prtsctice of 
the donor irajt in the backcross individu^U can be ascertained 
before mwkera arc gcnocyped> then only half thfc number of 
individuals indicaftd in the Tables win need to be analyred. 

WUcn ft jTnall number of Tnartcers ore iwcd, thty quickly 
became non-infonnativ©; i.e., election cau$cj the marfccr loci 
to became fixed for the RP type bc/gre the ttst of the fienomd 
l5 <uny converted CTable 3; Hospital et 4l„ 19^). This liojaUon 
was most pretnineM in dw larger populations, where a fti^her 
selection intensity placed mtms jselectton prcjisurc upon the 
mar^cer loci. Accordingly, ic ia of intcrcfc to consider Iiow 
closely ihc esilination of %'BP based on markers reftccb the 
actual genome comporidoci. Thecombinaijon of estiinaiion of 
%Kf* btoed on fewennarkcrs and subsequent selection lends to 
bias the estimates upward (compare Tables 2 and 3). 

The res;>]i^ from the simulation compare Veil with real field 
data. In a typical exampIc^SQPCj ptants carrying the gene being 
tranjfened were geaotypcd at ?t3 polyraofpWc RFLP toci (note 
that thia coTTCsponds to a popu^adon sia:e of 100 unsetected 
plants in Tables 2 »nd 3). The five best BC, recoveries had 
eitimatcd %KP values of 85.9%, 82,7%, 82.0%, 8L49&, smd 
81-2%. AftCTCvaJuating 10 BG^ plants from cwhaeiectcdBC , 
die best BCj recovery had an estimaicd %RI' of 94.6%, ' 

The almwlationa (Tabic 2; Ho^ptul et al., IS>92} and our 
ftxperlence indicate diaL fourmarkeraper chremo^omc 
is adequate to gneatly incrcasa the effectiveness of selection in 
ih* BCj. Howcvei\ usmg only four markets per 200 cM will 
Hi:ely make ic vwy difficuTc \q map dw location of the gone of 
interest* Adequate sufnTnartzation of ihc data Is an importam 



T*lbik 2. Perctni recurrent parent ^Mme dmvis mnAtr-asjiJftd badtcrvssvt^. 
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; paft of a markcr^assisted b»ckcro*B prxigniin. Ideally^ che mark- 
ei$u£ed caa supply data Chat con be irpresented as aJ] of loci 

' ^th known map posiclon. ^timation f mapping ihc 
^slfm of th<i locus of interest, and sri^htca] diiplay of the 
;«sulis CYoung and Tanfcslcy, 1989) arc all useful in uncler- 
sianding and contralling die specific backcraci cxpcrimenc 

•bexQS conducted. 

U app«r£ ihac with the use of gcrwdc nuirkers, the portion 

, of the RP gcnoinc d)at is not linked lo [ha allele btmg tr^ms-* 

• .Jferced Can be recovered quickly and wiftj contid«nce. the 
recovery of RP ^li be jJower oq die chromosome carrying the 

;.gctie of interest A considerable amount of linkage drag is 
' eipoctcd to dccompaay selectioa fof che DP allele in & back- 
...cross progncm. For a locus located in the middle of « 200-cM 
chromosome, ihc li^gth of the DP chromosofxie »:ginertt ao- 
companying selection is expccied to be 116, 63, and 28 cM in 
' (be BC . BCj, aed BC^ geneiations, respeeiivcly (Hanson, 

* j959;mvciraandBarbadilla, 1992). Our observations support 
the reeoiAmefidatlon of HospUol ec aU ( 2 992) (bai pf eferenee bo 

syvtn to the sclecdoQ for recomblnancs proximal to die allele of 
'['.interest, but that seleetion for recovery of che RP elsewhere i n 
tbe genome zlso be eonxidered. Thix two-rtage selecrion can 
probably be done quite effectively ad hoc by Ihe breeder once 
; the dua is adequately summarized; hrrwever. Hospital ct a). 
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suflfiflst ways to Incorporate the two criterie Inio a selection 
index such diat each component of selection is assured c^pro- 
PTis)» w«lehdnp. 

Use of genetic mirkcrscan greatly increase iheefftctivenos* 
of bacteosrfng, and they should be uacd in any serious back- 
crossing program if woufres air available to the breeder. 
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Attorney Docket No. 1329 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Applicant: Brian Douglas Swanson Date: March 14, 2003 

Serial No.: 09/759,704 Group Art Unit: 1638 

Filed: January 12, 2001 Examiner: David H. Kruse 

For: "INBRED MAIZE LINE PH6WG" 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

RULE 132 DECLARATION 
OF 

DR. STEPHEN SMITH 

Sir: 

I, Stephen Smith, PhD,, do hereby declare and say as follows: 

1 . I am skiiled in the art of the field of the invention^ I have a Ph.D. in Biochemical 
Systematics and Taxonomy of Maize and its Wild Relatives from Birmingham University. I 
have a M,$c. in the Consen/ation and Utilization of Plant Genetic Resources from 
Birmingham University. I have a Bachelor of Science degree in Plant Sciences from London 
University, Since 1977 1 have been engaged in the development, study and application of 
molecular markers to genetics, measuring genetic diversity and tracking pedigrees. ( 
commenced this work at North Carolina State University as a post-doctoral research fellow, t 
have continued my engagement in these studies during my employment by Pioneer Hi-Bred 
from 1980 until the present. These studies have resulted in numerous scientific articles that 
have appeared in peer reviewed scientific literature. 

2. This declaration is in response to the Examiner's rejection under, 35 U,S,C. § 112, 
first paragraph, as containing subject matter which was not described in the specification in 
such a way as to reasonably convey to one skilled in the relevant art that the inventor(s), at 
the time the application was filed, had possession of the claimed invention. 

3. I have conducted an analysis of Simple Sequence Repeat, SSR. marker data for base 
inbred PH6WG and ten backcross conversions of PH6WG. The backcross conversions 
consist of eight backcross conversions for the trait of herbicide resistance, one backcross 
conversion for the trait of male sterility, and one backcross conversion for the trait of waxy 
starch. 
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4. The SSR data for 457 base inbreds and 103 backcross conversion inbreds, including 
PH6WG and the ten backcross conversions of PH6WG were used in the analysis. The 
number of SSR markers for each inbred used in the analysis was between 15 and 87 (mean 
of 82 ). The analysis was done as specified in the publication by Berry et al. ("Assessing 
Probability of Ancestry Using Simple Sequence Repeat Profiles: Applications to Maize 
Hybrids and Inbreds" Genetics 161813-824, 2002), with modification as described in Berry et 
aL, ( 2003 ); Assessing Probabflity of Ancestry Using SSR Profiles: Application to maize 
inbred lines and soybean varieties. Genetics (in review), a copy of which is attached hereto. 

5. The results of the analysis indicated that through the use of SSR mariners PH6WG 
was identified to be the recurrent parent of each of the ten backcrc)ss conversions of PH6WG 
over all the other inbreds in the data set The probability associated with the identification of 
PH6WG as the recurrent parent of each backcross conversion was calculated as 0.99 and 
higher. 

6. ( hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 




Stephen Smith 



Received from < 515 334 6883 > at 3/24/03 3:36:1 1 PM [Eastern Standard Time] 



2 



03/24/03 MON 15:49 FAX 515 334 6883 PIONEER fil-BRED DSM 

ASSESSING PROBABILITY OF ANCESTRY USING SIMPLE SEQUENCE REPEAT 
PROFILES: APPLICATIONS TO MAIZE TNBRED LINES AND SOYBEAN VARIETIES 



Donald A. Berry,* Jon D. Seltzer,^ Chongqing Xic,^ Deamac L. Wright/ Eh/.abeth S. Jones,* 
Scott Sebastiaii/ J. Stephen C. Smith* 



* Department of Biostatistics, The University of Texas M. D. Anderson Cancer Center, Houston, 
TX 77030 

^Medtronic Inc., Minneapolis, MN 55432 

* Pioneer Hi'Brcd International, Johnston, (A 50131 



1 



Received from < 515 334 6883 > at 3(24(03 3:36:11 PM [Eastern Standard Time] 



03/24/03 MON 15:49 FAI 515 334 6«83 

SHORT RUNNING HEAD: 
Probability of ancestry using SSR 



PIOlJifEER HI -BRED DSM 



KEY WOl^S. 

Inbred alleles. Parentage, Pedigree, SSR, Bayes' Rule 



CORRESPONDING AUTHOR: 

Donald A. Berry, Ph.D., Department of Bioslatistics, The University of Texas M. D. Anderson 

Cancer Center, 1515 Holcombe Blvd., Unit 447, Houston TX 77030-4009. 

Phone: (713) 794-4141 

Fax: (713) 745-4940 

E-mail: dbcrry@mdanderson.org 



2 



Received from < 515 334 6883 > at M03 3:36:11 PM (Eastern Standard Time] 



1 



515 334 6883 .. piONEER HI-BRED DSM 



121047 



ABSTTtACT 

Determining parentage is a fundamental problem in biology and in applications such as 
identifying pedigrees. Difficulties inferring parentage derive from extensive inbreeding within 
the populiLtion, whether natural or planned; using an insufficient number of hypervariable loci; 
and from allele mis-matches caused by mutation or by laboratory errors that generate false 
exclusions. Many studies of parentage have been limited to comparisons of small numbers of 
specific parent-progeny triplets. There have been few large-scale surveys of candidates in vvhich 
there is no prior laiowledge of parentage. We present an algorithm that determines the 
probability of parentage in circumstances where there is no prior knowledge of pedigree and 
which is robust in the face of missing data and mis-typed data. The focus is parentage of an 
inbred line having uncertain ancestry. The algorithm is a variation of a previously published 
hybrid-focused idgorithm. We describe the algorithm and demonstrate its performance in 
determining parentage of 43 inbred varieties ofsoybean that have been profiled using 236 SSR 
loci and from seven inbred varieties of maize that were profiled using 70 SSR loci. We include 
simulations of additional levels of missing and mis-typed data to show the algoritlun's utility and 
flexibility. 
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The determination of parentage using molecular marker data has been little addressed for 
situations where there is little or no prior knowledge of parentage, or when large-scale surveys 
involving numerous candidate parents are required. Consequently, we have recently developed 
an algorithm and demonstrated its use in determining probability of parentage for hybrids in 
circumstances where there is no prior knowledge of pedigree and which is robust in ttie face of 
missing or mis-typed data (Berry et al 2002). We now present a variation of this algorithm that 
allows detennination of parentage for inbred lines or homozygous varieties. 

We describe and evaluate a methodology that quantities the probability of parentage of 
homo:<iygous genotypes. Our algorithm lakes into account that generations of self-pollination 
occur after the initial parental cross. The number of generations and the initial parental genotypes 
are unknown. Each generd.tion of inbreeding reduces the number of heterozygous loci in the 
progeny by an average of 50%. Thus, each of the inbred progeny individuals resulting fi-om the 
initial parental cross will have lost approximately half of the parental alleles for loci where the 
inbred parents were fixed for alternate alleles and which were heterozygous m the Fl generation. 

The loss of parental alleles during the inbreeding phase is in contrast to the case of a hybrid 
progeny. An inbred progeny individual will exhibit a lower level of allelic similarity to either of 
its inbred parents than a hybrid progeny will to its inbred parents. This loss of some parental 
alleles during inbreeding miglit be expected to make an inbred algorithm less robust in the face 
of missing or mis-typed data compared with the hybrid algorithm that has been previously 
described (Berry et al. 2002). We therefore demonstrate the effectiveness and robustness of the 
inbred algoritlim using examples from two species of cultivated plants. We first tested the 
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algorithm using varieties of the naturally self-pollinating, inbred crop, soybean [Glycine max. 
(L.) Merr.]. This crop was selected because numerous varieties of soybean with known pedigrees 
were availabit; to us, many of which are closely related. We also u.sed publicly bred inbrcds of 
mai?:e {Zea mays L.) that are of known pedigree. Maize is naturally an outcrossing species but 
inbred lines are most usually generated for use as parents of commercial hybrids. Inbred lines are 
generated by making successive generations of self-pollination following the initial bi-parenta] 
cross. 



MATERIALS AND METHODS 



Algorithm: The algoritlim is a variation of the hybrid version of Berry et al (2002). Consider an 
index inbred whose parentage is unknown or in dispute. A database containing possible inbred 
ancestors is available. The objective is to find the probabilities of closest ancestry for each inbred 
in the database using genotypic infoimation from a large number of SSRs. 

Consider a pair of possible ancestors, inbred / and inbred / We calculate the probability that 
inbreds / and j are in the index's ancestry, repeating this for all pairs of inbreds in the database. 
Let P{iJ\SSRs) stand for the posterior probability tliat / and J arc ancestors of the index given tlie 
information from the various SSRs. Let P{hj) stand for the unconditional (or prior) probability of 
the same event and let P{SSRs\iJ) be the probability of observing the various SSR results if in 
fact / and J arc ancestors of the index. Just as in Berry et aL (2002), Bayes' rule relates these 
various probabilities: 
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P{iJ\SSRs) = PiSSRs\iJ)*P(ij) I Y\P{SSTi^\uy)^P{ii.v)\ 

where the sum in the denominator is over all pairs of inbreds in the database^ indexed by u and v. 
We need to calculate P(SSRs\i,j) for each / ajid J. We will make the "no-prior-information'* 
assumption that P{iJ) is the same for all pairs (y). Then P{u. is a common multiple in the 
denominator that cancels with P{iJ) in the numerator: 

Piij\SS7t^) - PiSS/ls\i,f) t tPiSSRs\u^v), 

The problem is to calculate a typical P(SSRs\ij), the probability oF observing the index's SSRs 
assuming inbreds / and J are both ancestors. The nature ofbrceding before the self-pollination 
process is unknown. Since the creation of an inbred proceeds by multiple generations of self- 
pollination on a hybrid, we label the (unknown) hybrid used to create the (known) index inbred 
as the intermediate hybrid. When the intermediate hybrid is an immediate descendcnt of / andy, 
it receives one of inbred fs alleles and one of inbred y's alleles. Wlicn the intermediate hybrid is 
a second generation descendent of / and y, it receives one allele from each with probability 0.5. 
And so on. Since degree of ancestry (if any) is unknown, we label the actual probability of 
passing on one of these alleles to the intermediate hybrid to be p. As in Berry et al. (2002) we 
consider p ~ 0.50 and p = 0.99 and here we also consider the intermediate value p 0,75. 

When inbreds / and J are ancestors ±en there are four possibilities: (1) the alleles of both / and J 
were passed to the intermediate hybrid, (2) / came through but not y, (3) j came through but not 
and (4) neither came through. Assuming independence, these have respective probabilities p~, 
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/?(!"/>),/?( !-;?)» - An allele in the intermediate hybrid's genotype that did not arise from 
either inbred / or inbred j is assucned to be selected with probability \ln, where n is the total 
number of alleles at the SSR in question. So far the steps we have described are identical to those 
for identifying the ancestors of a hybrid described by Berry ei ciL (2002) and, in fact, if the index 
is heterozygous at an SSR then calculations proceed just as for hybrids. Calculations are 
substantially different when the index inbred is homozygous, say genotype act. Cases that must 
be considered are shown in Table 1, where x is any allele different from a (but not missing). All 
alleles other than a can be grouped because only a appears in the index's genotyj^e. For example, 
;t.T might be he or bd or bh, 

P(SSR\iJ) is the probability of observing the index assuming inbreds / and / are ancestors. The 
calculations for SSRs 1 to 6 are shown in Table 2, where the four tenms in each case are in order 
of (1). (2), (3), (4) defined in the previous paragraph. Missing alleles are not considered in the 
examples above. The number of possibilities is large. Here we consider only the case in which 
inbred / is aa and both alleles of inbred j are missing. Then 

P(SSR\U) ^p-(l/2^]/2''I/n) + p(l-p)(l/2'^l/n*J/2) +p(]-p)(I/rO -h (}-pf(I/n) 

Another possibility not considered above is that more than two alleles can be observed for an SSR 
marker run on individual DNA sample. This can be due to SSR locus duplication, homology due to 
alloploidy, more than one individual plant being sampled for DNA extraction or cross-contamination. In 
this case we consider all possible pairings of the observed alleles and calculate using a multiple 
imputation procedure (Little and Rubin* 1987). 

7 
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To find the overall P{SSRs\iJ), multiply the individual P{SSR\2j) over the various SSRs. To 
determine the probability that any particular inbred, say inbred /, is the closest ancestor of the 
index, sum P{SSR\iv) over all inbreds v with v ^i. Call this Pii\SSRs). The maximum of 
P(i\SSRs) for any inbred / is 1. But since there is one closest ancestor on each side of the family, 
the sum o[ P{f.\SSRs) over all inbreds i is 2. 

SSR data: Soybean DMA was extracted from 490 varieties, all of which were bred in, and are 
adapted to, the United States. Plant material for DNA extraction was sampled from six plants of 
each variety. Most of the varieties are proprietary products of Pioneer Hi-Bred International. 
Several (non-patented) commercial varieties from other breeding companies and some important 
publicly bred varieties were also included. Procedures for obtaining SSR data fi om soybean were 
identical to those described for maize by Berry et aL (2002) apart from the following 
modifications: PCR products with different size ranges and labeled with different fluorochromes 
were pooled and diluted 1 :9 with capillary electrophoresis buffer (Applied Biosystems) then 1 :4 
with dH20. 1 .5ul of pooled DNA were added to lOul formamidc containing the molecular weight 
size standard 400HD ROX (Applied Biosystems, ROX = 6-carboxy-X-rhodamine), Fragment 
separation was performed using capillary electrophoresis on an ABI3700 platform (Applied 
Biosystems), with an injection lime of 10 sec at 1 0,000 V and a run time of 4,000 sec at 7,500 V. 
Forty-three soybean varieties that had both of their parent varieties also included in the datasct 
were assigned as index varieties. One to two and occasionally three grandparent varieties of 
several of the index varieties were also included in the dataset. These varieties collectively 
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represent a broad array of diversity of soybean germplasm that is currently grown in the United 
States. 

Two hundred and thirty-six publicly available soybean SSR markers 

(http://soybase.agron.iastate.edu/) were used to demonsti'ate and evaluate the algorithm. These 
SSR markers were selected following initial screens on u subset of 24 soybean varieties in which 
they were tested for amplification and the ability to detect polymorphism. The 236 markers gave 
good genome coverage and collectively mapped across each of the chromosomal linkage groups 
of soybean. 

All allele scores were made without knowing the identities of the soybean genotypes. 

Maize SSR data using 70 loci were previously reported by Senior ei al. (1998) and were obiaincd 
directly from tlie first author. This publication (Senior et al. 1 998) cites an array of 94 
historically important pubhcly bred lines that have well known and well established pedigrees. 
This array of public inbrcds includes seven inbrcds (A632, A634, Mol7, Pa9U Va35, Va99 and 
W64A) that each have SSR profiles for their parental lines included in the same dataset. Three of 
these inbreds were developed from a breeding cross of two unrelated parents. These arc: Mo 17 
which was bred from the cross of C.I, 187-2 x C103; Va99, which was bred from the cross 
Oh07B X Pa9l; and W64A which was bred from the cross of WF9 x CJ. 187-2. Other inbred 
progeny had more complex pedigrees. One inbred (Va35) was bred from the cross CI03 x T8 
following an additional cross of T8 as the recurrent parent. Two inbreds (A632 and A634) were 
bred from the cross Mt42 x B14 following additional crosses of B14 as the recurrent parent. 
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Pa91 was bred from a complex cross involving four inbreds (WF9 x Oh40B) and (38-1 1 x 
L3t 7), These seven progeny inbreds therefore provided an index set of maize inbreds for 
evaluation of the inbred algorithm. 



RESULTS 



Data quality: The soybean SSR data that were used to evaluate the algorithm had a mean of 
5.5% (range 0-19% loci) missing data per variety. For parent-progeny triplets, there was a mean 
of 1.1% loci (range 0-5%) where a progeny profile was scored for an allele that was not 
represented by either of the seed sources that represented the parents. The maize SSR data had a 
mean of 0.7% missing data (only three genotypes had missing data; these were at elevated levels 
of 5%, 9%» and 36%). A mean of 6,4% parent/progeny triplets (range 4-7%) had SSR. progeny 
profiles that did not share an allele with either of the seed sources that were available to represent 
the original parental genotypes. 

Probability of ancestry applied to soybean data: Figures 1 and 2 present the probabilities of 
closest ancestry of the top ranking varieties for each of 43 soybean varieties using data from 236 
marker loci at/? = 0.50 (Fig 1) and at/? ^ 0.99 (Fig 2), 



When the algorithm was used at/) 0.5 with data from all 236 loci {Tig 1), then 24/43 (56%) of 
index varieties had both parents correctly identified in the top two ranked positions, 12/43 (28%) 
had one parent correclly placed in one of the top two positions, and 7/43 (16%) had none of the 
actual parents assigned into the top two ranked positions. Thus, when/? ^ 0.5 was used, 60/86 



10 



Received from < 515 334 6883 > at 3Q4/03 3:35:1 1 PM [Eastern Standanf Timel 



03/24/03 MON 15:51 FAX 515 334 6883 



PIONfEER HI -BRED DSM 



(70%) of actual parental varieties were correctly ranked in the top two positions and 26/86 (30%) 
were incorrectly placed in lower positions. 

When the atgoi-ithni was used at/? = 0.75 with data from all 236 loci (data not shown), 28/43 
(65%) of index varieties had both parents correctly identified in the top two ranked positions, 
1 1/43 (26%) had one parent correctly placed in one ofihe top two positions, and 4/43 (9%) had 
none of the actual parents assigned into the top two ranked positions. Therefore, whenp ^ 0.75 
was used, 67/86 (78%) of the actual parental varieties were correctly ranked in the top two 
positions and 1 9/86 (22%) were incorrectly placed in lower positions. 

When the algorithm was used at = 0.99 with data from all 236 loci (Fig 2), then 33/43 (77%) of 
actual parental varieties were correctly ranked in the top two positions and 10/86 (23%) had one 
parent correctly placed; all index varieties had at least one parent ranked in the top two positions 
when the algoritlun was used at p = 0.99. With p used at 0.99 then 76/86 (8S%) of actual parental 
varieties were correctly assigned; 10/86 (12%,) were incorrectly assigned. 

Table 3 presents the rankings, probabilities, and pedigrees of varieties that were incorrectly 
assigned above a true parent The largest pedigree class (41% of cases where a non-parent ranked 
above a true parent) of non-parents ranking higher than parents was for varieties that are 
derivatives of the parent that was iiiisploced at a lower ranking. The equal second largest classes 
(each representing 14% of the cases) were for varieties that were (a) fuU sibs of the true but 
misplaced parent and (b) full sibs of a grandparent of the variety for which the pedigree was 
being tested. Other categories (percent of cases in parentheses) were: multiple backcross versions 
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of the misplaced parent (7%), a derivative of the variety or which the pedigree was being tested 
(7%), a half-sib of the true but lower ranked parent (7%), a full sib of the variety for which the 
pedigree was being tested (3%), and a half-sib of the variety for which the pedigree was being 
tested (3%). Insufficiently detailed pedigree information is available to categorize one variety 
(3% of cases) that ranked above the true parent 

Robustness: The quality of soybean SSR data as received from die laboratory, in terms of 
missing data and apparently non-Mendelian parent-progeny triplets, have already been presented. 
Taking these data as an initial starting point, additional levels of missing and mis-typed data 
were created by simulations and used to explore robustness of the algorithm. 

SSR data for five index soybean varieties were used to detennine the robustness of the algorithm. 
Subsets of data were created that included parameters of reduced numbers of loci, additional 
levels of missing data, additional levels of mis-typed data, and various combinations of these 
parameters. Simulated levels of missing and mis-typed data were created with a first pass 
creating missing data, followed by a second pass creating mis-typed data. Therefore, for 
example, the maximum level of cumulative error from simulated missing and mis-lyped data was 
from 36 to 40%. Five varieties were chosen to represent a range of diversity in respect of both 
pedigree and SSR profiles. Four varieties had no parents or grandparents in common and one 
pair of varieties was related by a common parent. All varieties had parents ranked in the top two 
positions when the algorithm was run at = 0.75 and p = 0.99. This selection of varieties 
therefore provides a means to establish lower boundaries for both the quantity and quality of 
SSR data thai are required to avoid aberrant results. 
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Table 4 presents the probability of ancestry of the top five ranked varieties for each of five 
selected soybean index varieties {93B1 1, A7986, P9443, S38T8 and Young) when the algorithm 
is run using different numbers of SSR marker loci (50, 100, 150 and 236) at each of two levels of 
p (0.5 and 0.99). Using p = 0.5, the lowest percentage of parents (60%) that were correctly 
ranked into the top two positions corresponded to using only 50 SSR. Increasing the number of 
loci to 100 or 1 50 or 236 increased the ability to identify the actual parents to about 90%, When 
p was used at a level of 0-99 all parents were correctly ranked into the top two positions for each 
of the five varieties when data from as few as 50 SSR loci were used. 

Tabic 5 summarizes other aspects of robustness. Namely, we simulated additional levels of 
missing, mis-typed and missing plus mis-typed data, beyond those that were inherent in the data 
as provided by the laboratory. When p was used at a level of 0.5, robustness was generally 
maintained up to an additional level of 20% simulated missing data, so long as data from 100 or 
more loci were used. Similarly, robustness was maintained for up to 20% additional mis-typed 
data so long as data from 100 or more loci were used. Likewise, robustness was maintained with 
up to 18 to 20% additional levels of data error including both missing and mis-typed data, so 
long as data from 150 or more loci were used. Using data for all 236 loci provided a higher level 
of robustness, but even then robustness collapsed when 36 to 40% cumulative additional error 
from missing and mistyped data were .simulated into the analysis. The overall level of correct 
assignation of parent varieties was higher when p was used at a level of 0.99. All parents then 
were correctly identified, even when data from only 50 loci were used up to an additional level 
of 10% missing data. Wlicn data from 100 or more loci were used then all parents were correctly 
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identified with up to 20% additional missing data. Robustness started to decline when the 
algorithm was applied with 10% additional mis-typed data when data from 150 or fewer SSR 
loci were used. However, robustness was maintained for up to 20%) additional mis-ty}:)ed data 
when data from 236 SSR loci were used. When additional levels of both incorrect data were 
applied then robustness was maintained at levels of up to 10% missing plus 10% mis-typed data 
so long as data from at least 150 SSR loci were used. Robustness was compromised when 
additional simulations of 20% missing plus 20%* mis-typed data were applied even when data 
from all 236 SSR loci were used. 

We then investigated the relationships of varieties to the index genotype whose pedigree was 
under examination by rerunning the iinalysis after both parents of the index genotype had been 
removed from the analysis. Fifteen varieties that had two or more of their grandparents profiled 
in the dataset were used for this examination. After removing parents, direct pedigreed 
derivatives of the index genotype ranked first for P9583, in the first three places for A2943 and 
in tlie first six places for P9561 . Once all parents and derivatives of the index genotype had been 
removed from the analysis then the following results were obtained. Predominant classes of 
varieties ranking in the top five positions were (percent of cases in parentheses): derivatives of 
the grandparent of the index variety (32%), grandparents of the index variety ( 1 6%), derivatives 
of the parents of the index variety (16%>), and half-sibs of the index variety (1 3%). Grandparents 
ranked among the first four positions for 10 varieties and were in the first place for five varieties. 
Great-grandparents ranked within the first seven places for tliree varieties, and a grcat-great- 
grandparent ranked in eighth place for one variety. Other varieties that ranked in the first place 
were usually closely related to the variety whose pedigree was under examination; fulUsibs and 
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half-sibs were the predominant classes of relatives other than grandparents in the first ranking 
position after parents and direct derivatives of the variety under examination had been removed. 

Probability of ancestry applied to corn data: The seven index inbrcds of maize were selected 
because they represented all of the inbred hnes published upon by Senior et at. (1998) that had 
all of their inbred parents also included in the SSR dataset. All of the inbred lines published by 
Senior et al. (1998) have well known and well established pedigrees that arc fully provided by 
those authors. 

Table 6 presents probabilities of ancestry for the top five ranked inbreds for each of the seven 
index inbred lines at two levels oCp (0.5 and 0.99), For the three progeny thai were bred from 
single crosses without any subsequent use of one of the parents to make a recurrent cross prior to 
inbreeding (Mol 7, Va99, and W64A) then use of the algorithm at either p = 0.5 or at p - 0.99 
resulted in the parental inbreds being ranked in first and second positions. Use of the algorithm at 
p = 0.99 provided greater discrimination for probabilities of ancestry that were assigned to actual 
parents compared to highest ranking non-parents. This was most noticeable for the case of inbred 
Va99 which had a relatively low value when used at/? = 0.5 for piirent 2 (0.5221) compared to 
parent 1 (0.9999) or to the third ranked inbred (and non-parent)» Va22 (0.4252). In contrast, 
when the program was run at = 0.99 then parentl and parent2 for Va99 had probabilities of 1 
and 0.9855, respectively, with the probability of the third ranked inbred being 0.01 31 . 

For each of the three progeny inbreds that originaied from breeding schemes that involved one or 
more additional crosses of one of their parents, using the algorithm at/? = 0.5 resulted in 
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placement of the respective recurrent parent wilh the highest probability of ancestry. Raising the 
level of p to 0.99 resulted in both parents (Bl4 =^ recurrent parent and MT42 the non-recurrent 
parent) of tlie index inbred A632 being ranked in tht- top two placet- Using this level of p also 
caused a higher ranking (third position) for the non-recurrent parent (MT42) of index inbred 
A634 Use of/? at 0.99 did not cause the non-recurrent parent (CI 03) of index inbred (Va35) to 
rank into the top five places. 

For the index inbred (Pa9l) that was bred from a more complex cross involving four inbred 
lines, the use olp at 0.5 or at 0.99 resulted in the two parents (WF9 and Oh40B) being ranked in 
second and third places; highest ranked was inhrod Va99 (Va99 is derived from the index inbred 
Pa9 1). Neither of the two remaining parents of Pa9 1 ranked in the top five places. 



DISCUSSION 



The cuiTent widely used North American soybean varieties are founded upon a relatively narrow 
genetic base of diversity. GizUce et at. (1 994) document that the U. S. soybean germpiasm base 
is founded upon 20 plant introductions and that subsequent breeding has made repeated use of 
related parents. Molecular marker comparisons of elite U. S. soybean varieties compared to a 
sample of exotic varieties reinforce the conclusion that there is a relative paucity of genetic 
variation in U. S. soybeans. Narvel et al. (2000) have shown that the number of alleles detected 
among the exotics was 30% greater than among U. S. varieties. Thompson and Nelson (1998) 
report that very little exotic gcnnplasm has been incorporated into the exi$ting U. S. soybean 
germpiasm base, Examming all pairs of pedigree relationships among the 490 soybean varieties 
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employed in this study showed that approximately 50% of pairwtse relationships arc related at 
the level of half-sib or closer, approximately 10% of pairs are related at the level of full-sib or 
closer. This set of soybean varieties therefore provides the basis for an extremely rigorous 
evaluation of the abihty of SSR data to distinguish between vaiieties and of this algorithm to 
identify pedigrees. Pedigree breeding, including the use of related parents, is also commonly 
applied in the breeding of maize inbred lines. The set of maize inbreds used here thus also 
provides a meaningful evaluation of the marker data to discriminate among inbred lines and of 
the joint ability of the algorithm and of the marker data to allow a determination of inbred 
pedigrees. 

Use oflhe algorithm at;? = 0.99 rather than at a lower level improved perfomiance in terms of 
the percentage of correct assignations of parents and provided a greater statistical diflcrential for 
probabilities for parents in comparison to the highest ranking non-pai-ents. Use of the algoritlim 
at/7 = 0-99 is more appropriate when it is known that the actual parents of the variety under 
examination are included among the set of index varieties. If it is not known that the parents are 
included in the index set then use of the algorithm at p = 0.5 is more ju.stified (Berry ei al. 2002). 
For the soybean varieties, when p was used at 0,99, then 77% of all varieties that were queried 
for their parents had both parents correctly identified. £ight-eig)it percent of soybean parents 
were correctly identified across 43 index varieties that were queried for their parents. All 
varieties (with the possible exception of one variety where detailed pedigree information was not 
available) that ranked above true parents were related either to the mis-ranked parent or to the 
variety that was being queried for its pedigree. Our previous report of the use of an algorithm to 
determine hybrid pedigrees (Berry ei ciL 2002) showed a higher level of correct parental 
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determinations at/? = 0.99. Many of these soybean varieties have a high degree of pedigree 
relatedness. However, many of the maize inbred lines that were used in the previously reported 
study (Berry et al. 2002) were also higlily related. It is, however, likely lo be inlierently more 
challenging to correetly identify parents following cycles of inbreeding because half of the 
alleles thai are segregating m the first generation following the initial breeding cross will be 
subsequently lost as recurring cycles of self-fertilization occur. Thus, many of the alleles that are 
present in a hybrid, and which can therefore contribute to the identification of its pedigree, do not 
remain present in an inbred homozygous progeny. 

We examined the pedigrees of soybean index varieties when both parents of the index had been 
removed from the set of candidate varieties. Direct pedigree descendents with the index variety 
as one parent then usually ranked higher than other varieties, including varieties that were 
grandparents or sister varieties of the index variety. When all parents and direct derivatives of the 
index variety were excluded from the analysis then the predominant classes of varieties ranking 
in the top five positions were derivatives of the grandparent of the index variety (32%), 
grandparents of the index variety (16%), derivatives of the parents of the index variety (16%), 
and half-sibs of the index variety (13%). The SSR data that were available to us did not allow a 
tliorough or very precise assessment of how varieties with different degrees of relatedness would 
rank as members of the pedigree in the event that the true parents were not present in the 
database. Nonetheless, when parents were excluded from the analysis then varieties that were 
very closely related to the index variety ranked highest. Direct descendents dependent for their 
pedigree upon the index variety, if present, tended to rise above varieties included within other 
classes of pedigree relationship to tlic Index variety. When varieties directly descended by 
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pedigree from the index variety were also excluded then a grandparent ranked into first position 
for 33% of the varieties that were examined. Direct pedigree derivatives of one oc more of the 
parents of the index variety had an equal level of occurrence when parents and derivatives of the 
index variety were excluded. Further investigations of the identification of grandparents will 
require a dataset including all grandparents of each index variety and will also require a revised 
algorithm to take account of pedigree contributions from four varieties as opposed to pairs of 
varieties which forms the basis of ihe current inbred algorithm. 

For the maize inbred line pedigrees, use of the algorithm either at - 0.5 or at p - 0.99 resulted 
in the correct identification of both parents in all cases where the breeding scheme was an initial 
cro.ss of two parental lines followed by subsequent cycles of inbreeding (i.e. for the inbrcds 
Mol7, Va99 and W64A). The relatively high level of robustness for results with maize inbreds at 
p = 0.5, in contrast to the results obtained from analyzing soybean data (where 56% of varieties 
had both parents correctly identified when p « 0.5 was used) could be accounted for by the 
smaller sample size of Tiiaize inbreds and by the lower degree of mean pedigree rclatedness 
amongst this selection of inbred lines in comparison to the soybean varieties. Thus while several 
inbred lines in this set are closely related, there remain many inbreds that have little or no 
pedigree relationship (Senior et al 1998). 

The inbred algorithm correctly identified both parents of the three maize index bbreds that had 
been bred from bi-parental crosses that involved equal contributions (by pedigree) from both 
parents. For the three bi-parental crosses that involved subsequent additional crosses of the 
recurrent parent (and thus significantly biased contributions by pedigree to the index variety 
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from the recurrent parent) then use of the algorithm correctly identified each of the recurrent 
parents. The algorithm was unable to identify tlie non-recurrent parent in most cases, but this 
result would be expected because one backcross reduces the expected pedigree contribution of 
the non-recurrent inbred to 25%, More generations of backcrossing using the recurrent parent 
then further reduce the expected pedigree contribution of the non-recurrent parent by half at each 
generation (successively to 12.5%, 6.25%, 3. 125%) with the pedigree contribution of the 
recurrent parent rising accordingly. Since several inbred lines of mai2:e are related by pedigree 
then it is not surprising that the level of pedigree or SSR similarity of a non-recunent parent to 
the index progeny can fall below other inbred lines that arc related to the index variety. The 
algorithm was not able to preferentially identify parents of the inbred line Pa9U which was fared 
from a complex breeding scheme involving four parents with equal contributions by pedigree. A 
more suitable algorithm is needed to take account of four way crosses. However, such a need is 
primarily academic because most breeding crosses in commercial maize breeding, and indeed for 
most crops, are bi-parental. 

These soybean data had a mean of 5.5% missing data per variety and a mean of 1.1% loci whore 
a progeny was scored with an allele that was not also scored in either or both parents. Such 
appai"ent non-Mendehan or exclusionary profiles can be due to pollen contamination during 
inbreedings cross contcmiination in the field or laboratory, scoring errors in the laboratory (e.g. 
scoring +A, predominant stuttering, spectral pull-up, secondary binding sites or polymer spikes), 
or incorrect pedigrees. Another source of apparent exclusion is through the use of a seed source 
as a parent that is still heterogeneous due to inbreeding being incomplete. Cycles of inbreeding 
then continue so that when those seed sources are used in the future as sources for SSR profiling 
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to represent the parental genotype they will have lost alleles due to inbreeding that have already 
been passed on to a progeny. Alternately, residual heterozygosity within seed sources can result 
in low frequencies of heterozygoles or off-type segregants which may^ by chance, be sampled in 
the progeny, but not sampled in the parent. In this study we sampled six plants to represent the 
variety which may be insufficient to capture alleles existing at low frequencies within the seed 
source. And even if the allele was sampled, it may not have been detected following PCR 
amplification due to predominance of tlie most frequent allele and allelic competition effects. 
Hall (2002) has also reported the occurrence of apparent non-parental SSR alleles. Mutation can 
also affect SSR profiles, Vigouroux et al. (2002) have estimated mutation rates of 7.7 x 10"^ per 
generation for dinucleotide SSRs and an upper 95% confidence limit oF5.1 x lO"""^ for SSRs with 
longer repeat units. A level of error or discrepancy in expected SSR profiles are thus inevitable 
for some, if not all crop plants. We therefore evaluated the robustness of the algorithm and 
dataset by rerunning the algorithm using datasets that were simulated to have up to 20% 
additional levels of m issing plus 20% mis-typed data beyond the level that was received from the 
laboratory. The algorithm maintained its initial level of robustness with up to an additional level 
of 10% both missing and mis-typed data, provided data from at least 100 SSR loci were used. 
Fewer loci (60) were capable of retaming this degree of robustness in the evaluation of the 
hybrid pedigree algorithm using maize hybrids (Berry et al. 2002). The loss of parental alleles 
that occurs during the inbreeding process, in contrast to their retention in a hybrid progeny 
compared to its parents, probably underlies the need to use data from a greater number of loci to 
maintain robustness for the inbred algorithm as compared to the hybrid algorithm. 
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It was anticipated that determination of pedigrees following cycles of inbreeding might be more 
challenging to accomplish than to determine pedigrees of hybrids where tlie total nuclear genetic 
contributions of both parents are preserved- Nonetheless, these results show that the algorithm 
can be used effectively to identifying parents of inbred genotypes. Nearly 90% of soybean 
parents were identified. This is a set of genotypes which, due to the relatively narrow founder 
base and subsequent cycles of development through the use of related crosses, provides an 
extremely rigorous test of the algorithm and of the discriminatory power of the marker data. 
Supplementary data also show the capability of die algorithm to identify parents of maize inbreds 
that have been developed in a pedigree system using two parents. Use of this algorithm with 
currently available codominantly expressed molecular marker data has also been shown to have 
practical feasibility because of the high degree of robustness that is evident and which extends 
well beyond the realm of aberrant or unexpected marker data that is encountered. These types of 
error or unexpected marker data can include laboratory error, sampling effects or the use of 
different seed sources for the actual parental source compared to a more inbred source that 
becomes available later to represent the parental genotype. This algorithm has application in a 
number of fields, including conservation biology, population genetics, and to assist in the 
protection of intellectual property rights- 
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Table 1. Calculations of ancestry for homozygous index inbreds: Cases that must be considered 
for example of genotype aa. 



SSR Index 


Inbred : 


Inbred J 


1 1 ^ 


aa 


Aa 


2 1 aa 


aa 


Ax 


3 1 aa 


aa 


Xx 


4 1 aa 


ax 


Ax 


5 aa 


ax 


Xx 


6 I aa 


XX 


Xx 



X is any allele different from a, but not missing 
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Table 2. Probability of observing the index [F(SSR\iJ)] assuming inbreds i and/ are ancestors: 
Calculations for SSRs 1 to 6. 



SSR 1 PfSSR]IJ) 


1 


' p^(4/4) + p(l-p)(!/2+l/n*I/2) + p(l-p)(l/2+ l/n* i/2) i- (I~p)'(I/n) 


2 


pU'i/4) + p(l-p)(l/2^1/ti*l/2) + p(l-p)(l/2*l/2^1/n*l/2) + (1- 
pf(!/n) 


3 1 p'f2/4) + p(i-p)(l/2^- l/n + p(J-p)(I/n '^1/2) + (1-p/O/n) 


4 


p'(2/4) + p(l-p)(!/2*l/2+l/fi*l/2) + p{l-p)(I/2*l/2 + l/n*l/2) + (^7- 
p)-(I/n) 


5 


p-'(l/4) + p(l-p)(l/2''l/2+l/n*l/2) + p(l-p)(l/n*l/2) + (l~p)-(}/n) 


6 I p'iO/4) + p(l-p)(l/n*l/2) + p(l-p)(l/n*}/2) + (I-p/fJ/n) 



The four terms in each case are in order of the four possibilities when inbreds / and J are 
ancestors: (1) the alleles of both / and j were passed to the intermediate hybrid, (2) i came 
through but not J, (3) ; came through but not i, and (4) neither came througli. Missing alleles are 
not considered. 



Received froin < 515 3M 6883 > at M03 3:36:1 1 PM [Eastern Standard Timel 



26 



03/24/03 MON 15:55 FAX 515 334 8d83 PIONEER HI-BRED DSM 



Table 3. Probabilities of ancestry and pedigree relationships for soybean varieties where both 
parents did not rank above non-parents. 



Case no. hidex variety Rank Possible ancestor Probability 



1 


95B97 


1 


Parent 2 


I 






2 


Full sib of parent I 


0,5822 












2 


A294i 


1 


Parent I 


0.9977 






2 


Multiple backcross of parent 2 


0.7999 






3 


Parent 2 


0.1999 


3 


A4595 


1 


Parent 1 


1 






2 


Derivative of parent 2 


0.9956 






3 


Multiple backcross of parent 2 


0.0034 






4 


Derivative of Parent 2 


0.0006 






5 


Half sib of A4595 


0.0004 






fi 

V 




Kj.KAfKJ 1. 


4 


Hark 


I 


Parent 1 


1 






2 


Derivative of parent 2 


1 






3 


Derivative of parent 2 


2.1E-09 








i-^ciLVrfUvc or parem 








5 


Derivative of Hark 


a.iE^io 






6 


Derivative of parent 2 


i.ie-i3 






7 


unknown 


3.8E-15 






o 


i_/ciivativc or parcni jl. 








9 


Derivative of parent 2 


4.7E-21 






10 


Parent 2 


2.7E-21 


5 


Kent 


1 

A 


Parent 7 


1 
1 






2 


Derivative of parent I 


0.9990 






3 


Derivative of parent 1 


0.0011 






4 


Parent I 


3.0E-04 


6 


P9583 


1 


Parent I 


I 






2 


FuU sib ofP9583 


0.8801 






3 


Pareiit 2 


0.1199 


7 


P9641 


1 


Parent 2 


1 






2 


Derivative of P964 1 


1 






3 


Parent 1 


3.7E-06 


8 


S30J2 


I 


Parent 1 


1 






2 


Derivative of parent 2 


0.9321 
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YB30K01 



10 



YB4tQ0I 



3 


Parent 2 


0.0679 


1 


Piirent 2 


1 


2 


Half sib of parent I 


t 


3 


Full sib of parent 2 


7.9E-09 


4 


Half sib of parent 2 


3.3E-09 


5 


Full sib of grandparent 


L2E-10 


6 


Derivative of parent 1 


3.0E-1 1 


7 


Full sib of parent 2 


2.0.E-1 1 


8 


Full sib of grandparent 


8.7E-12 


9 


Parent I 


l.lE-12 


1 


Parent 2 


I 


2 


Full sib of parent 1 


1 


3 


Full sib of grandparent 


7.3E-05 


4 


Full sib of grandparent 


4.1E-09 


5 


Parent 1 


9.1E-10 



Results for 33 (77%) varieties where both parents were ranked first and second are not included 
in this table (see Figi.ires 1 and 2). 
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Table 4. Probability of ancestry for five individual soybean varieties using SSR data obtained 
from different numbers of loci (50, 100, 150, 236). 





L50 




LlOO 




LI 50 




L236 




Inbred 


Possible ancestor 


Prob 


Possible ancestor 


Prob 


Possible ancestor 


Prob 


Possible ancestor 


Prob 


p-0.5 
93811 


XB3 1 C 


0.9461 


XB31C 


1 


XB3IC 


I 


XB3IC 


1 




A34I5 


0.8006 


A34I5 


0.9362 


A34I5 


0.9146 


A34f5 


0.9954 




XB38A0I 


0.0256 


WILLIAMS 


0.0429 


mLLi^MS 


0.0S09 


WILLIAMS 


0.0046 




P927i 


0.025 1 


A5242 


0.0155 


YB30L0I 


0.0034 


A 3242 


0 




YB30Li)t 


0.0232 


YB30L0I 


0.0015 


A3242 


0.0006 


DOUGLAS 


0 


A 7986 

M m f ^ \J 'tT 


COOK 


0.7748 BRAXTON 


0.9725 


BRAXTON 


I 


BRAXTON 


1 




XB63D00 


0.2841 


YOUNG 


0.5302 


YOUNG 


0,8910 


YOUNG 


0.9929 




S6262 


0.1826 


COOK 


0.3872 


P964 / 


0.0404 


XB63D00 


0,0071 




YOUNG 


0.1755 


XB63D00 


0.0496 


XB63D0O 


0.0254 


96B32 


0 




BRAXTON 


0.1005 


P964I 


0.0328 


COOK 


0.0245 


P964 1 


0 


P9443 


DOUGLAS 


O.S086 A34I5 


0.5557 


FA YETTE 


0.S760 


FA YETTE 


0.9885 




A 34 15 


0.7629 


FA YETUE 


0.4957 


A34I5 


0.7034 


DOUGUS 


0.8847 






0.0S87 DOUGLAS 


0.4855 


CX399 


0.1671 


A34I5 


0.0846 




YALE 


0.0501 


CX260C 


0.2032 


CX260C 


0. 1 273 


WILLIAMS 


0.034S 




P9394 


0.0411 


WILUAMS 


0.1 60S 


mill A MS 


0.094S 


CX399 


0.0062 


S33TS 


S3535 


0.S711 


S3535 


0.9993 


SS535 


1 


S3535 


1 




iy4644 


0.4543 


S4644 




^4 AAA 


1 
1 




1 




YB44R0i 


0.2762 


YB40M0J 


0.0012 


YB37Y0O 


0 


A4268 


0 




YB40M0! 


0.1087 


YB44R0I 


0,0004 


93B63 


0 


YB44R0I 


0 




YB44O01 


0,0325 


YB37Y00 


0.0001 


A4268 


0 


YB37Y00 


0 


YOUNG 


DA t^fS 


0.6589 


DAVIS 


0.6551 


DA VIS 


0.6324 


DAm 


0.9752 




XB63D00 


0.4942 


ESSEX 


0.5979 


P964I 


0,5524 


P964I 


0.5397 




96B32 


0.3122 


P9641 


0.3409 


COOK 


0.3231 


ESSEX 


0.3273 
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COOK 


0.0707 


COOK 


0.1692 


ESSEX 


0.2817 


96B32 


0. 




OGDEN 


a0606 


96B32 


0.1315 


96B32 


0.1933 


COOK 


0. 


p-0.99 


















93BI} 


XBKIC 


1 


XB3IC 


1 


XB3IC 


I 


XB3!C 


1 




AS4t5 


0.9999 


A34I5 


0,9999 


AS4J5 


1 


A34I5 


1 




43242 


0.000 1 


A 3242 


O.OOOl 


P9443 


0 


py ILL/ A MS 


0 




P9443 


0 


P9443 


0 


A3242 


0 


A3242 


0 




WiLUAMS 


0 


WILLIAMS 


0 


WILUAMS 


0 


FA YETTE 


0 


A7986 


BRAXTON 


1 


BRAXTON 


1 


BRAXTON 


1 


BRAXTON 


1 




YOUNG 


0.1)903 


YOUNG 


0.9903 


YOUNG 


0.9987 


YOUNG 


1 




P9641 


0.0092 


P964f 


0.0092 


96B32 


0.0012 


XB63D00 


0 




96B31 


0.0005 


96B32 


0.0005 


P964I 


0.0002 


96B32 


0 




DA VIS 


0 


DAVIS 


0 


DA VIS 


0 


P964I 


0 




DOUGLAS 


0.9998 


DOUGLAS 


0.9999 


FA YETTE 


0.9995 


DOUGLAS 


1 




FA YETTE 


0.70 10 


FAYETTE 


0.7011 


DOUGLAS 


0.9993 


FA YETTE 


1 




CX260C 


0.2345 


CX260C 


0.2345 


CX399 


0-0006 


CX260C 


0 




A 34 15 


0.0644 


A34\5 


0.0643 


A34/5 


0.0005 


CX399 


0 




S3 041 


0.0001 


AP3330 


0.0001 


P9394 


O.OOOl 


A34/5 


0 


S38T8 


S3535 


1 


S3535 


1 


53335 


1 


S3535 


1 




S4644 


1 


$4644 


! 


S4644 


1 


S4644 


1 




YB40mi 


0 


YB40M01 


0 


93B67 


0 


A4268 


0 




YB44R01 


0 


A5979 


0 


ST3780 


0 


YBS4J00 


0 




93867 


0 


YB44R01 


0 


YB37Y0O 


0 


YB44R0I 


0 


YOUNG 


DA yfs 


1 


DA m 


1 


DA VfS 


I 


DA VIS 


1 




ESSEX 


1 


ESSEX 


I 


ESSEX 


I 


ESSEX 


1 




P964I 


0 


P9641 


0 


COOK 


0 


S4240 


0 
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Attorney Docket No. 1 329 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Applicant: Brian Douglas Swanson Date: March 14. 2003 

Serial No.: 09/759,704 Group Art Unit: 1638 

Filed: January 12. 2001 Examiner: David H. Kruse 

For: "INBRED MAIZE LINE PH6WG" 

Assistant Commissioner for Patents 
Washington, D.C, 20231 

RULE 132 DECLARATION 

OF 

DR. DINAKAR BHATTRAMAKKI 

Sir: 

I, Dinakar Bhattramakki, Ph.D.. do hereby declare and say as follows: 

1 . I am skilled in the art of the field of the invention. I have a Ph.D. in Plant 
Molecular Genetics from the University of Illinois at Urbana-Champalgn. I have a 
Bachelor of Science degree in Agricultural Sciences from the University of 
Agricultural Sciences, Bangalore, India. Since 1997 I have been engaged in the 
analysis of molecular markers for plants. I have supervised the Molecular Marker 
Applications lab at Pioneer Hi-Bred International, Inc. from January 2002 until the 
present. 

2. I am familiar with the methods used in the analysis of Simple Sequence 
Repeat, SSR, marker data for inbred PH6WG conducted at Pioneer Hi-Bred 
International, Inc. The analysis of the SSR profile of inbred PH6WG may be 
accomplished without any undue experimentation. The SSR profile for inbred 
PH6WG is attached hereto. 

3. Means of performing this genetic marker profile are well known in the art. 
SSRs are genetic markers based on polymorphisms In nucleotide sequences. The 
PCR™ detection of SSRs is accomplished by using two oligonucleotide primers 
flanking the polymorphic segment of DNA. Amplification is accomplished through 

Appendi:!^ D 
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repeated cycles of heat denaturation of the DNA followed by annealing of the primers 
to their complementary sequences at low temperatures, and extension of the 
annealed primers with DNA polymerase. 

4. Markers are scored following amplification and gel electrophoresis of the 
amplification products. Scoring of marker genotype is based on the size or weight of 
the amplified fragment While variation in the primer used or in laboratory 
procedures can affect the reported marker score, relative values remain constant 
regardless of the specific primer or laboratory used. 

5. Primers that may be used to identify the SSR markers reported herein are 
publicly available and may be found in the Maize DB on the Worid Wide Web at 
agron.missouri.edu/maps.html (sponsored by the University of Missouri), in 
Sharopova et al. (Plant Mol. Biol. 48{5-6):463-481) and/or in Lee et al (Plant Mol. Biol. 
48(5-6); 453-461 ). Markers shown for PH6WG are the publicly available markers in 
the sources listed above for which PH6WG was tested and shown to be homozygous. 

6. Map information is provided by bin number as reported in the Maize DB. The 
bin number digits to the left of decimal point typically represent the chromosome on 
which such marker is located, and the digits to the right of the decimal typically 
represent the location on such chromosome. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be tnje; 
and further that these statements were made with the knowledge that willful false 
statements and the like are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issued 
thereon. 



Date: 



By: 




Dinakar Bhattramakki 
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Public Name of 

Marker 


bin # 


PHBWG 
base pairs 


Dhi427913 


1,01 


129.38 


bnlq1014 


1.01 


124.16 


Dhi056 


1 01 


255.30 


bnlo1007 


1.02 


134 45 


bnfa1083 


1 02 


221.86 


bnla1127 


1.02 


112 28 


bnla1953 


1 02 


247 56 


bnla1429 


1 02 


204 64 


bntal627 


1 02 


202 70 


bnla439 


1 03 


225 98 


Dhi1 09275 


1 03 


142 91 


Dhi339017 


1 03 


155 08 


bnlQl203 


1 03 


300 23 


bnlQl484 


1 03 


157 83 


duDssr26 


1 04 


124 50 


bnla2086 


1 04 


217 79 


bnla2238 


1 04 


222 47 




' 1 05 


215 70 


bnla18B6 


1 05 


141 48 


bnla1057 


1 06 


247 00 


bnlci1041 


1 06 


194 58 


bnlnlfil ^ 


1 06 


211 96 




1 07 


201 94 


Dhi323065 


1 08 


329 53 




1 08 


88 58 


Dhi423298 


1.08 


133 68 


bnla2228 


1 08 


246.31 


Dhi002 


1.08 


73.53 


bnla133l 

1 "•53 f ^^T^ ■ 


1.09 


141.84 

■ 111 1 


DhiOH 

til V* P ■ 


1.09 


226,98 


phi308707 


1.10 


131.11 


Dhi227562 


1.11 


322.45 


phi265454 


1.1 1 


234.33 


Dhi064 


1.11 


94,65 


phi402893 


2.00 


218.34 


phi961 00 


2.01 


26443 


bnlg1017 


2.02 


195.57 


bnlg2277 


2.02 


308.44 


bn!g1327 


2.02 


300.60 


bnlg1064 


2.03 


188.18 


bnlg1537 


2.03 


121.81 


bnlgiois 


2.04 


126.05 


bnlg1036 


2.06 


182,95 


phf328189 


2.08 


115-47 


ph (427434 


2.08 


121.46 


phi43G4l7 


2,00 


217.99 
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Public Narne of 
Marker 


bin# 


PH6WG 
base pairs 


bnlglUI 


2.08 


152,92 


bnlg1258 


2,08 


245,05 


phi127 


2,08 


123.97 


bnlq1520 


2.09 


285,85 


Dhi101049 


2.10 


234,30 


Dhi453121 


3.00 


223.43 


Dhi104127 


3.01 


162.19 


ph 1404206 


3.01 


303.14 


Dhi193225 


3.02 


136.71 


Dhi374118 


3 02 


225.95 


bnla1l44 


3.02 


134.68 


bnlg1523 


3.03 


264.89 


bnla1035 


3.05 


101.06 


DhiOS3 


3.05 


166.74 


bnla1160 


3.06 


220,49 


bn!a1951 


3.06 


121,12 


bnla2241 


3.06 


142,63 


bnlq1496 


3-09 


186-02 


phi072 


4.00 


141.56 


Dhi213984 


4.01 


284.60 


Dhi 295450 


4.01 


184.83 


bnlq1162 


4.03 


92-86 


Dhi021 


4.03 


92.44 


Dh(308090 


4.04 


218,64 


ohi096 


4,04 


234.58 


Dh 1438301 


4.05 


211.81 


bnla1159 


4.05 


147.81 


bnlql755 


4.05 


214.54 


bnlg1937 


4.05 


227.36 


bnlg1265 


4.05 


1 94 .44 


phi079 


4.05 


187.36 


bnlg1137 


4.06 


134.13 


umc2038 


4.07 


135.37 


bnlg1189 


4.07 


140.17 


bnlg1784 


4.07 


233.02 


bnlg2244 


4.08 


199.58 


bnlg1565 


4.09 


204.19 


bnlg1890 


4.11 


200.63 


bnlg1G06 


5.00 


229.38 


phi396160 


5.02 


301.03 


phi109188 


5.03 


161.52 


bnlgSSS 


5.04 


156.23 


phi330507 


5.04 


131.59 


phi331888 


5.04 


1 30.72 


bn[gi208 


5.04 


118.88 


briIg18D2 


5.04 


14778 


bn[g2323 


5.04 


198.10 
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PUDlic Name ot | 

IVIcjI fScrl 


Kin -H^ 


nnovv o 




5 05 


213 82 


pniuoo 




250 16 


QniQl 110 




ft? SB 


□nigi o**D 




1ftQ ?1 


Dnigi f 1 1 


07 


176 fiS 


pni4AO/yo 


A 01 


13S 33 


Dnig i4z-i^ 


01 


71 S 7Q 








pni4o2o9o 




'I03 30 


pni44oon o 


ft 0^ 


Qft QS 


Urnci4 1 o 






Dnig 1 1 ' 4 


K OS 


21 ft 72 


umc i^Do 


R OK 


OOft 


pntZif 2700^1 


R 07 


1 17 30 


pnio040*tD 


K (17 


1 31 4fi 


Dnigi / H\J 


ft 07 


230 27 


Dnigi /oy 


ft 07 




pniUfU, umciUDo 


ft 07 


ft3 47 




7 nn 


9on 40 


umci Toy 


7 ni 






7 ni 
/ .Ul 


1 "^ft 7A 


Dnigi uy4 


7 no 


1 S7 3Q 


pniuo4 


7 n'? 




Vsnl>i'1 C\'7f\ 






Dnig^/s;/ J 


T O^ 






7 C\A 


Qft ft7 


pniZoU4t5J3 


7 O^ 
f .UO 


3ift 7S 


pniuoi 


7 

f ,UO 


13R S7 


pniuoy 




1QS 3*1 


nhii 1 R 

pni 1 1 Q 


7 OR 


164 92 


hntn1 1Qil 


ft 0^> 


174 99 


pni 1 uu 1 1 o 


ft 0'^ 


144 2ft 


pnig lODO 




21 2 97 






172 52 


nhii 1 ^ 




290 66 


pni 1^1 


A 0*^ 


03 QO 


Dfiig^u^o 


ft 04 


326 12 


hnln1 17R 


a 05 


217 94 


bnlg1i52 


8.06 


148.42 


bnlg1031 


8.06 


288,71 


bnlg1065 


8,07 


239,09 


bnlg1828 


8.07 


135.65 


bnlg1056 


8.08 


110.49 


bnlgl940 


8.08 


214,68 


phi015 


8.08 


79.78 


phi233376 


8.09 


152.17 


bnlg1810 


9.01 


197.34 
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Public Name of 
Marker 


bin # 


PH6WG 
base pairs 


bnlg2122 


9.01 


237.09 


umc1 037 


9.02 


195.04 


bnigl012 


9.04 


157.54 


pht032 


9.04 


236.63 


phi10S411 


9.05 


122.38 


Phi236654 

m t ■ ^™ ■ 


9.05 


117,08 


111 ■ 


9.07 


272.66 


Dhi041 


10.00 


202.94 


Dhi96342 


10.02 


249.64 


Dhi059 


10.02 


143.60 


bnfq1037 


10.03 


117.77 


bnla1079 


10.03 


170.34 


bnlq1655 


10.03 


126.51 


phi050 


10.03 


83.27 


phi301654 


10.04 


128,33 


phi062 


10-04 


157.81 


phi323152 


10.06 


141.15 


bnlg1074 


10.05 


183.85 


bnlg1028 


10.06 


127.73 


bnlgl185 


10.07 


151-61 


bnlg1450 


10.07 


177.71 


bn!g1839 


10,07 


195.90 


phi 109642 


2.03/2.04 


137.61 


bnlg1720 


1.09/1.10 


236.44 


phi448880 


9.06/9.07 


176.99 
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What is an "Essentially D rrved Variety"? 

The concept of essentially derived variety was introduced into the 1991 Act of the UPOV 
Convention in order to avoid plagiarism through mutation, multiple back-crossing and to 
fjll the gap between Plant Bre„ederls Rights and patents, gap which was becoming 
important due to the development of the use of patented genetic traits in genetic 
engineering- 

An essentially derived vanety Is a variety which Is distinct and predominantly derived 
from a protected initial variety, while retaining the essential characteristics of that tnitfal 
variety. 

As indicated as an example in the UPOV Convention, essentially derived varieties may 
be obtained by the selection of a natural or induced mutant, or of a somaclonal variant, 
the selection of a variant individual from plants of the initial variety, back -crossing, or 
transformation by genetic engineering. 

The commercialization of an essentially derived variety needs the authorization of the 
owner of the rights vested in the initial variety. 

The concept of essentially derived variety does not at air abolish the Breeder's 
Exemption, as free access to protected plant varieties for breeding purposes is 
maintained. It is not a threat to biodiversity. On the contrary, it favors biodiversity, 

encouraging breeders developing and marketing original varieties. 
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Itrticle 12 

laaa Minatlon the Application * 

"W decision to grant « breeder *e right flh^Xl tttqulr* »n exaolnatlon 
compliance with the conditions under Articlea 5 to 9- Jn the = course ftf thft 
eiaalnafclon, the authority may grow the variety or carry out other necessary- 
testa, cause the growing of the variety or the carrying out of other necessary 
testa, or take Into account the results o£ growing tests or other trials which 
have already been cacrUa out. For the purposes of examination, the authority 
may require the breeder to fucniah bH tho necessary inforwatlon, documents or 
material* 



Article 13 
ProviJEtional Protect ioo 

Bach Contracting Party shall provide measures designed to cafeguard the 
IntereatB of the breeder during the period between the filing or the publlca- 
tion ot the application for the grant o£ a breeder '6 right and the grant of 
that right. Such neaeurcs shall have the effect that the holder of a breeder's 
right shall at least be entitled to equitable remuneration from any person who, 
during the said period, hua cnfcied out acts which, once the right is granted, 
require the breeder 'g authorisation as provided in Article 14. A Contracting 
Party may provide that the said measures shall only take effect in relation to 
pcraonfi whom the breeder has notified oC the filing of the application. 



TBB RXCarS Oit TOR &RBSDB& 

Article 14 
Scope of the Breeder* 6 Right 

(1) [ Acts in rcapect of the prgpaqating material ] (a} Subject to Articles IS 
and 16, the following acts in respect of the propagating material of the pro- 
tected variety fihall require the authorisation o£ the breeder: 

(1) production or reproduction (multiplication), 
(11) conditioning for the purpose o£ propagation, 
(ill) offering for sale, 
(Iv) selling or other Aarketing, 

(Y) exporting, 
(vij importing, - 
Cvii) Atocking tct any of the purposes mentioned in (i) to <vl), above. 

(b) .^e breeder May make hia authorisation subject to conditions and 
limitations.' ' . 

(2) [ Acts In respect of the harvested material ] Subject to Art idee IS 
and le, the acta referred to In Iteme (i) to (vii) of paragcaph in 
reapec^t of bar vested material, including entire plants and parts of plants. 
Obtained " through the onnttthorized use of propagating material of the protected 

* variety shall ' r^igaire the authorization of the breeder, nnleas the breeder has 
tiad" reasonable opportunity to exercise his right in celation to the said 
propagating material. 
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^3) ( Acta in respect of ccctain products ] Each Contracting Party way provide 
thAtr subject to Articles 15 and 16, the acts referred to in ite»s (1) to (vii) 
of paragraph (l)(a) in respect of products made directly from harvested mat e- 
rial of the protected variety falling within the provlsiena of paragraph (2)^ 
through the unauthorized use of the said bacvcGted naterial shall reauire the* 
authorization of the breeder* unless the breeder has had reaaonabl^ opportuntty 
to exercise his right in relation to the said harvested natccial. 

(4) r posslble Bdaicional acts ] Bach Contracting party nay provide that^'sub- 
ject to Articles IS and 16, acts other than those referred to in items (1) to 
(vil) ot paragraph (i)(aj shall also require the authorization of the breeder. 

(5) [ gsfientiallv derived and certain other . vac let ies J (a) The provisions Of 
paragraphs <1> to (4j shall also apply in relation to 

(i) varieties which are essentially derived from the protected variety, 
where the protected variety is not itaelf an essentially derived variety, 

(ii) varieties which are not clearly dietlnguishable in accordance with 
Article 7 froa the protected variety and 

(ill) varieties whose production requires the repeated use of the protected 
variety. 

ib) JPor the purposes of subparagraph (a)(i). a variety shall be deemed to 
be oGSentially derived £ro« another variety ("the initial variety") when 

(i) It ifl predorainantly derived Crow the initial variety^ or from a variety 
that l6 itself p^edoninantly derived from the Initial variety, while retaining 
the expression of the essential characteristiCB that result from the genotype 
or combination of genotypes ot the initial variety , 

(li) it ie clearly distinguishable from the initial variety and 
(iii) except for the differences which result fro* tho act of derivation, it 
conform? to the initial variety in the expression of the essential character is- 
tica that result froia the genotype or combination of genotypes of the initial 
variety. 

(c) Essentially derived varieties aay be Obtained for e^canplc by the selec- 
tion of a natural or induced mutant, or of a eomaelonal variant, the selection 
Of a variant individual from plants of the Initial variety* backcroselng, or 
transformation by genetic engineering. 

Article IS 
Rxceptiong to the ftre^der'a ttlqht 

^1) [ Compulsory except^ions ] The breeder's right shall not extend to 
(i) acta done privately and for non-commercial purposes, 
(ii) acts done for e<p«rl»«ntaX purposed and 
<£ii) acta done for the purpose of breeding other varlctlcsr and, except 
where the ptovlEionB of Article 14(5) apply, acts referred to tn Article 14 (l> 
to (4) in respect of auch other varieties. 

(2) f Optional exception ] Notwithstanding Article 14, e&eh Contracting ^^f?? 
nay, within reasonable Xloits and subject to the safeguarding of the legitlBato^ "* 
intereftts of the breeder, -xeatrlct the breeder's right in relation to any '7 
variety in order to pervlt famers to use £or propagating parpoa^&t on their 
own holdings, the product of th* harvest which they have obtained by planting, * 
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Attorney Docket No. 1 329 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Applicant; Brian Douglas Swanson Date: March 14, 2003 

Serial No.: 09/759,704 Group Art Unit: 1638 

Filed: January 12. 2001 Examiner: David H, Kruse 

For: "INBRED MAIZE LINE PHeWG" 

Assistant Commissroner for Patents 
Washington. D.C. 20231 

RULE 132 DECLARATION 
OF 

DR. STEPHEN SMITH 

Sir: 

I, Stephen Smith, PhD., do hereby declare and say as follows: 

1 . f am skilled in the art of the field of the invention. I have a Ph. D. in Biochemical 
Systematics and Taxonomy of Maize and its Wild Relatives from Birmingham University, 
I have a M.Sc. /n the Conservation and Utilization of Plant Genetic Resources from 
Birmingham University, i have a Bachelor of Science degree in Plant Sciences from 
London University. Since 1977 I have been engaged in the development, study and 

I 

application of molecular markers to genetics, measuring genetic diversity and tracking 
pedigrees. I commenced this work at North Carolina State University as a post-doctoral 
research fellow. I have continued my engagement in these studies during my 
employment by Pioneer Hi-Bred from 1980 until the present. These studies have 
resulted in numerous scientific articles that have appeared in peer reviewed scientific 
literature, 

2. This declaration is in response to the Examiner's rejection under, 35 U.S.C. § 
102(b) as anticipated by or, in the alternative, under 35 U.S.C. § 1 03(a) as obvious over 
Hoffbeck (U.S. Patent No. 5,463,173). 

3. I have conducted an analysis of SSR marker data for inbred PH6WG and the 
inbred cited as prior art, PHR61. Out of a total of 324 SSR loci examined, which allowed 
a sampling of each chromosome, there are 122 markers that show differences between 
PH6WG and PHR61 . This represents a difference for 38% for the markers tested. Of 
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these 122 markers, 34 were greater than 50 cM in distance, or unlinked on the genetic 
map. 

4. Upon crossing PH6WG to any other maize line and seifing successive filial 
generations, one would within the realm of what Is statistically possible, obtain a progeny 
inbred maize line that retains genetic contribution from PH6WG. Assuming that (i) the 
cited prior art is used as the maize line to which PH6WG is crossed, (ii) that the only 
difference between PH6WG and PHR61 are these 122 markers, and (iii) that all markers 
within a 50 cM distance will segregate together, then the odds of obtaining a PH6WG 
progeny inbred that is the same as PHR61 after one cycle of breeding, is 1 in 2^ or 1 in 
17,179,869,180. Statistically it is extremely unlikely that a PH6WG progeny, after one 
cycle of breeding, would be the same as PHR61. 

5. Further, the assumptions made above vastly overstate the likelihood of breeding 
PHR61 from PH6WG. For example, it is common practice in quantitative genetics to 
determine the relation of plants by differences in markers, in doing so, one extrapolates 
that a percentage difference in markers Is indicative of a difference in the whole genome. 
To assume that the only differences between PH6WG and PHR61 are for these 122 
markers, when 122 markers constitute 38% of the 324 SSR loci examined, is a gross 
and unrealistic assumption. Further the current maize genetic map only has 
approximately sixty 50cM units, so by applying this limitation the maximum number of 
independently segregating loci one could obtain, using the most different maize lines 
that could ever be found, is sixty. These assumptions result in an over estimate of the 
odds of breeding PHR61 from PH6WG. 

6. Given the difference in molecular markers between PH6WG and PHR61, it is my 
expert opinion that PH6WG and PHR61 are very distinct inventions. It is also my expert 
opinion that, within the realm of what is statistically possible, any progeny of PH6WG 
developed through cros$ing PH6WG with another plant will be distinct from PHR61. 
Given the facts and based on my education and scientific experience, I believe that the 
invention as claimed is not obvious nor anticipated by Hoffbeck (U.S. Patent No, 
5,463,173). 

7. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements 
and the like are punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United Slates Code and that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 
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^^■.^klMH^ By: Mlf. ^rtt-- 

Stephen Smith 
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